DESCRI PTI ON METHOD FOR SEARCHI NG AND SCREENI NG FOR TARGET OF

ANTI - CANCER AGENT USI NG NO\- HUMAN ANI MAL MODEL HAVI NG NOG ESTABLI SHED
CANCER 5CELL LI NE TRANSPLANTED THEREI N !Techni cal Field The present
invention relates to non-human ani mal nodel s of cancer pathol ogy, which

m m c the hierarchical organization of human cancer tissues with cancer
stemcells at the top of 10the hierarchy, reproduce the cancer progression
process, and enabl e assessnent of ﬁ%‘gﬁmﬁﬁ@}@gi cal properties. The present
invention also relates to nmethods of screening for anti-cancer agents and
met hods for assessing the pharmacol ogi cal effects of test substances, which
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cells show various tissue structures, and such tissues are known to have a
hi erarchi cal organi zation with cancer stemcells at the top of the
hi er ar qByhri MO PRt ent 20Docunent 1). For exanple, it is known that colon
cancer i1s roighly subdivided into two layers: first an area with '
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NODY SCI DY ganma(c) (nul 1) (NOG mce, formtissue structures simlar to those
of human cancer tissues (Non-patent Docunent 4). However, useful
ani mal Baoldgbendserte unavail abl e to norphol ogi cally observe the process
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[ N&h- paisess. Dowarnentnspal models that mimic the hierarchical organization of cancer tissues are
rare. Thus, little is understood about the process leading to the formation of the hierarchical
organization of cancer tissues and the involvement of cancer stem cells in this process.

Meanwhile, it has recently been shown that NOG-established cancer cell lines, which
are established by transplanting human tumor tissues into severely-immunodeficient

30 NOD/SCID/gamma(c)(null) (NOG) mice, form tissue structures similar to those of human
cancer tissues (Non-patent Document 4).

However, useful animal models were unavailable to morphologically observe the
process leading to the formation of the hierarchical organization of cancer cell lines in vivo or to
elucidate the involvement of cancer stem cells in the formation process. Use of animal models

35  of cancer pathology that reflect a human cancer is known to give results closer to human clinical

data when it comes to developing or assessing pharmaceutical agents for treating or preventing
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I nvention] An objective of the present invention is to provide
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prevenphpg AR DILGRhidNg cancer, which use the non-human ani mal nodel or the
in vitrog culture systemof an NOG 25established cancer cell line. Yet
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The ent. jnven redi cted that
the process HeuPHEUIIOURENt B Eoff fPfﬁf‘@iﬁFéRbgaﬁ%: %?%Sﬁfzation, t he
i nvol venent of cancer stemcells in the process, and their biological
properties 35 e el.ucidated through norphol ogi cal observation of tissue
structéﬁ@%ﬁ%&%ﬁlanti ng NOG mice with NOG established cancer cell
| i nes, [Mabksas &e Sshab by shekivintion] anspl anting 3 human tunor tissues into

severel y-i nodefi.ci e NOG mi.ce. .Based on .this predict.io t.he present
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| ung cancer,. and pancreat ilc .gancer were hog_lo i .altl‘y %ﬁer ved. after the
5t r ans BIRCITORORAL 608 Rl R Risetes sty AvPBRE o MEre APCheiPLa wher e

t he hummrntamcdo ptoidumcthodkofrarehing et antirednickiengst trtaxpletst whichnde dre nionvasi ve
ar ) el | e - i 08 4: ).
Futlnen i AP HadkP G o Y Ga SRR QSRR BRI P n it R
of dondy sstabhisnmibcansplntiiskuwes), tuamd tisjuee ide perddnimohand@disianer e obser ved

during I\FCBB/ S@B‘fg%ma%(gﬂﬁﬁﬁsm%) mice. Still another objective of the present invention is to

provide methods of screening for anti-cancer agents that are effective in preventing or treating

cancer, which use the non-human animal model or the in vitro culture system of an NOG-

25  established cancer cell line. Yet another objective of the present invention is to provide methods
for assessing the preventive or therapeutic effect of test substances against human cancer, which
use the non-human animal model or the in vitro culture system of an NOG-established cancer

cell line.

30 [Means for Solving the Problems]
The present inventors conducted dedicated studies to achieve the objectives described
above.
The present inventors predicted that the process leading to the formation of hierarchical
organization, the involvement of cancer stem cells in the process, and their biological properties
35  may be elucidated through morphological observation of tissue structures after transplanting

NOG mice with NOG-established cancer cell lines, which are established by transplanting



10process leading to the formation of the hierarchical organization. In
addi tion, when observing cell |ines eshablished fromdonors' tunors of
different tissue types over tine, it showed that: cells of each cell |ine
formed tissue norphol ogi es resenbling the donor's tunor after going through
a progression process with changes unique to the cell line (Table 1); this
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cells @bﬁ@g%&rhﬁ,g&es%tels@wra%mﬁmg&ﬂcﬁbn@mﬁﬁr@e dﬁ&%&%ﬁ%s BRANEDH n(tﬁbgs 6

and 7). t hough the existence _of such transitional cancer stemcells has
been pPﬁ@Wﬁﬂ@ﬂmF65@HW%“G@QW%%&@Wﬁ4ﬁ%ﬁ&ﬁ d6IBNH cancer, the present invention

empirically gREORET- @tﬁﬂtsh&pdf&nﬁé}eceﬁ'hﬁl@@ ddrivem, ﬂéﬁ%ol%ﬁ'c%&@%%n@ch%ﬁﬁ&?' tional
cancer stemcelis and their involvenent in the hjerarchijcal organlzatlon in

tunor PTE8FEECANRE capceh gnd RIGEPANOSAE ¥ SO Thel gl PP dntér cel |

li nes. nAsspiestiohhied BONCE mdLac OReRRH6R] levidlBCarl SRENeR the HNASK B8ORS a

20un|quely changi ng progression process, this partly reveal ed one
bi ol ogiiEsic e I]b%ﬂ?nﬂg ks SEHCtEtee RGN lpgaswwea“@ﬁ%ﬁw@&ﬁééﬁw St |'s in

si tu hawgeddigikl ghdo bgugsﬁu@a% destination of differentiation (Fig. 5 and
Table 1) Furthernore resent inventors nonitored ,

ti me- dependeRtTRRRHe b aihicel reRu AR e Y TS TR R @Qﬁ%@éﬁ?t&ﬁéon%d

reveal @dmbah ainceﬁdlés&ies){\/ﬁn@ hm@r&peﬂd@ﬁﬁ chiahgdsrw&babasi ey dlﬁ'irig(tﬁe S ceitelessZast em

cells and different irst neration n acqui.red, stem cel

CoaD 2 DRSS HETS T b E Ereliln b B ik S B S B B el BB Ly of

iSt emI cetll lipdsastabGiHey ot gonl:(g%' turthdirs bﬁdﬁ’ﬁﬂ‘renj SN, typls@geﬁﬁﬁ? ms}ﬁ%\&ﬁl absi @fis .
eve ot ns such .as ve een S ted to i nVo n the

renomSheRh 1B FERD B g e r B ETR R RhE whis pfie’ itk PG ey

Ther ef prwressioe ppreesewnith x:]mxgai oiiquectarthe edl nd (Tableunodisaiad lgeataily t he P53 30
rotein_a d t ression | evel P5 r.ot.ej n. reduced

Pvon’i RffheREHeE, SCpld i Be BEPES RN ER s Uhostedil i bifloBioh Pk i

i nV&nt itiore-ddpeglent BpnneTiiFgs f6 mﬁ 7’)9 Addoogistheakesencbaft sucherafrmdexhé cadcet ftem

g][ efgnt cell snh ?%E:én g@reéiac{ed% léJ)mXE % }}upneancc%rf'ceran%éreme esen bllmgtlfn?%h%%lﬁ%lgcgﬂger ty

Has“been Fecent
t hat f |dbmomta&td$fqrmhd fust timapthe s:tlstan@t: Qfetx;anSﬁpha‘kwaawrlstchdlhmnd mlmlue in tunor

dertvedREREERR e nlcPhr SRR o DA on |l MO ARb o0 Al B (RO B o
4 tr ansktablohed cowpt efldirEMIAs (Radbeksbdde, simte faz.lch cellliGetdpeBediy nederg@&B807; 101:
8305 9) un ﬁp@zp %fp%@%asgm fdcg egﬁg SR Pé{zre%%fl%Péﬁfo ?él L@0R Rkl BF canc

transpl a esta cel I ne mice” reveal ed that
t he detet @lisfidrtbisicanees siger elldér fipdthvadheif ¢wmunique ﬁ@sltde(sm@epf but from

t he tr@Hﬁﬁ&ﬁﬁﬁ&§aﬂgmﬁﬁxfTﬁﬁyﬁﬁ Thi s denonstrates that the nodels of the

present invention 5also mmc the formation of the hierarchical
or gani zat i onFRRITETN ARIASA BYPrRipE PRoHiatd G edrpepslentichangry of pyncer giem

addi ti @as ¥ Hed BeheMdonE Shabéiealg th£ aB&EkheR bhed logtetﬁe@fchirgﬁeﬂ?srtr%§ %‘&anccr

i nventi on, thg{i{fr esent inventors succeeded in preparing C nodel s
r esP st AfeH geyis flifkegendiated dgy élmfw(geinaraﬁ%)lewiy acquircdagerg &gl rchfﬁé@elamw the

LI IMe- CQuloRg pRFRINAL.EOMR Hiblo tdf%fbﬁpbéﬂﬁlﬁgm Yhi NS> est abl i shed
cancer cell “lines reveal ed t at thﬁngesent |nvent|on enabl es

preparati on BYTCEFItAARSTRIERE mr?étvreﬁ%%éﬁvg RECHSSUEthes I 3draxe bRt al

or gani zahbiratdd t6 08 e lvdIUAR: %ﬁﬁsﬁéndﬂ @ﬁegsapr&g%hmuﬂhgyy whadhG@dm sé1gm cel |'s,
whi ch have a roperty onsj ble for the formaiion each hi erarchi.cal

or gani 26445 P! nsHs d L% e ﬁ ¢ WgseRb deeatost cafied piHagamnoptApERE ob e IRdd t he
nmodel s priteihand hevehlied tiog eadxpRisaipe :etveasfms‘s ﬁ@ﬁﬁﬂvaﬁeﬁﬁ&d@ﬁivbﬁ in @Bdarlef dPmt he

AR ST TR N TN RO S TR YT
the models of the present invention faithfully mimic the cancer stem cell biological property of
reprogramming.

Furthermore, it has been recently pointed out that fibroblasts in the tumor stroma may
35  play an important role in tumor growth/progression. In some tumors, the fibroblasts are

predicted to be derived from the tumors themselves through complete epithelial-mesenchymal



the process leading to the transition of cancer cells into tunor
stroma-fotmng fibroblasts through conpl ete-EMI during the process that
mmcs the formati on of the hierarchical organization. These properties
could also be mimcked by the in vitro culture system usi ng NOG est abl i shed
cancer cell lines. 20Next, since the novel nodel animals with the
properties described above could be prepared, the present inventors tested

the apphigahi cbﬁl%éieﬁaf EMT8 (RRESLFDES o1V §IC el iBOtSn. %o’éeﬁﬁc@wg) fl‘ﬂrthe

anti-cancer agent targets and ‘scréeni ng nethods therefor. A possi bl e
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anti - cancer §@§ B‘nggbqvﬁh‘il FTogUisH 8DERYERRS Bf%sﬁ edwnwla%ts‘gyltilmgm l e,
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exanp uor our aci i ri.notecan) to, a node the.present venti on,
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nodel s_of . t% LR esen ver . mq ceﬁ gx anple is applied to the

screenl}%‘1 ¥ ﬁ%@%?igﬁgw éﬁﬁgg?lgb%ﬁWs PH8%nodel s of the present invention

enabl e(3)denpiesdne atvieniioroénables psqpacitibh of bi wioghiaal modelp e ynabie shreratncef
rogressi on 0 rticu ncer . agent Thus,
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present invention. re speC| esen I nventl on prOV|des

[1] a nopaiednhna peﬁﬂemqumﬁdeFested,ﬁhfcfkpphgalnbtyaﬂ rieeimigyels paneysl arstliodgof i nto a

non- NUGBRCAR Rhn@baldiP o S@Rr Ol Hd {LAMHs: ABRGhSRerch. NOG establ i shed

cancer ce I ne estab transp 1 ng a uman tunor tissue into a
sever el y- i niioselle aiasind N@msél neyferamayel @t-eatice! agenNO@jectros sefollows: [ 2] t he
non- NugR e B8 iROSdsu O birlchlres %Hr&&'eﬁgtl%l selah € ﬁl‘é%& @@4310%}9@&'3@@ dal

cancer 15pr0 ressi on process of a human cancer tls { non- unan
antdral aresdentiag fipm the\ﬁ,hmg keld inp) ase collected by laser microdissection (LMD); the mRNA

expression is assessed to find genes whose expression varies depending on the process, tissue

structure, or biological properties thereof.

Since a gene found by the above-described methods, or a protein encoded by the gene,

is predicated to contribute to the cancer progression process, an inhibitor of the gene or protein is
30 expected to serve as target for a novel anti-cancer agent that inhibits the cancer progression
process.

Meanwhile, a possible novel screening method for assessing pharmaceutical agents is to
assess whether a particular step of the cancer progression process is inhibited or a biological
property characteristic of cancer stem cells is modulated by administering a pre-existing anti-

35  cancer agent (for example, fluorouracil or irinotecan) to a model of the present invention,

focusing attention on the cancer progression process, which can be monitored through the



detection of a unique cancer stemcell having a characteristic for

m m cki ng hi erarchi cal organization ang cancer progression process of a
human cancer tissue, and, testing of a-biological property of the human
cancer tissue; 20[4] the non-human ani mal nodel of [1], which enables
observation of the process leading to transition of a cancer cell into a
tunmor stronma-formng fibroblast through conplete epithelial mesenchyrnal

transi Bbé%?va(tﬁﬂ%? ﬁxtﬁ‘*ﬁ' NEM engH{ahQQs hhee 1859&?5?&%%?@86@ LSRR fhGhical

or gani zati on cancer "t1ssue Uman ani nal  nodel
whi ch éﬁ@bﬂﬂéés mbé%wbﬁﬁcr@mm&@r@am@@n@fcam@rﬁg@ambfr magdmof BBpessentt ance by

admi ni ﬁ{v%ﬁﬁ&ge&'aleaﬂﬁédt%ffcétn&%ftﬁg 1ﬁé"$1810y2:§1 }%p e%%é@ﬁijmgfeqﬁbn of any
one of [1] , assessin as an indica ierarc
or gani PECE#PN %@ﬁ%épa@ﬁb@r AT RSB badS. Hruswwh@gie@amg Y opested tadfava

canger Eg‘Fe%{ér reafcu%?a%ﬁﬂa%e mﬁpyamlsa@mu%&tepl t hel'i al - mesenchynal
transition Fcorrp | e 6] the non-human ani mal nodel of any one

of [1] to [4Ppeqifiatiithe P??éerﬁmf%%@eqdpéwepénwhww A modadn

cancer exihRmBehn@APARSI0gP HRASEinfRP K umAnURAEc&HRESH virR ceRRARHRA LEnEFNCET
[7] a nethod of searchin for an anti-cancer agent target, wherein

assessM-eptablished pangersedl! lings vrigreaibe a6l meerholasies ara merasighlag kgl those in

or gani ﬁazha@e@c@amrprweﬁ%eaﬁb@nhwmam 0k ppéeho@i &lonpr operly of a
capcer cell a no n ani mal nodel transplanted with an

est abl i sH&E F4f 1&? fé § PIEFEHE IBENEGR RIAVIARS'vitro cul ture system of an
NOG- establ doshethanarsl wedd], Whideis pdisdd Bihan¥Blahasl, Ghto SERMONINNE dnhalT

anti-c cer a tar et of onpris

pr epar gsa’élc S it st kﬁ&a@%@tﬂvﬂﬁ %ﬁ%ﬁ Cfﬁsli%gestéﬁ %@%béé%aaﬁqj%wg&
Cﬁncer he@hh tunﬁ)ﬂtigﬂﬁzl lhm)t@sei&eﬂ&t}ﬂmﬁkﬁﬁﬁfﬁeﬁﬂﬂeﬁﬁﬁomgmlwgkﬂlﬁﬁ(d)@ﬂilﬁ(N@G?Hl%u&! ece
that e its i ol ogi ca r a.tissue struct
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\|Nh3331 spﬁrgtessngnﬁ)rc&msa)fmﬁidmdmdaﬁcama;eas t he NOG est abl i shed canceL cel |

i ne; ass ssm t RNA, or protein in the

col | ec&f—:}g?‘? %515‘3@10?%)0%?% %)EH%A%U fying apgene or protein that

changes in ader‘reamerofdeap&mdeaﬁceofstemhc&nmaem@rao:ﬂlhfnaten@ﬁ@ﬁminﬁﬁﬁd':kﬁ]ﬂg cancer
progressi on proc cg or _hi ert}a/1 of a ca n.the ti,ssue

b ece: ro] RN aar S GueRroRk ool 807 Mim@Re ekt b apdg 7]
whi ch conpri Seisngﬁeilsolegstabpmpdr@(dﬁthehhmam carget tissuest ro an NOG- est abl i shed

| t t
Cone (5L ph NGy o TTL 58,05 08 RSP Bin S5 AUAELM By,
expres Bﬁmtlfm ofiNanc®Nall igp agrovestromafaming fibmoblisiubtdughicoinpletagpitaclspeci fi c

struct egenc al trangz%)on &ﬁ@%&&ﬂ&gﬂg ﬂm?x?éﬂ%t ﬁ)?ocﬁgsotﬁlgt' o 11!11@5 Fi@?argh% t1 ured cell

that changes’in a mann pen Perarchical’ of gart zat i on,
canceromﬁbgﬁfe@‘s‘?fmﬁm@c@gserttsﬁuﬁm ol ogi cal property of a cancer cell; [10] a

et hod (s RELRRNA AN AP n ERHFR-AN8HLY S ELY. ASTRSAIENL LR oo (1 ed

out using as_ an 1 n | cat or, hi erarchi cal organi zat on, cancer pr gl’eSSI on
pr 8t esEesisgincp by a@gtr@mm}s&@p@wgﬂn@ﬁ eme@tant@ethe gei-huinan animehmedelef aanionedt

nodel  {1139$p] &bt %ges‘ﬁfnk hasafy 1%@? %@é?&ﬂcﬁﬁaa% Sitdtion @a}nkelj ﬂrQ%egs?&r rb&‘hgr})r' n
vitro culture system 6f an NOG est abl i shed Gancer ce
net hodbiplomeal gemeriy of s canpsr a@h or Bapdiion heawh Cemp[qmplthﬁhiﬂcme&@@mn% es the
steps @hasition (complete-EMT);
[6] the non-human animal model of any one of [1] to [4], wherein the human tumor tissue is
30 derived from colon cancer, stomach cancer, breast cancer, lung cancer, or pancreatic cancer;
[7] a method of searching for an anti-cancer agent target, wherein assessment is carried out,
using as an indicator, hierarchical organization, cancer progression process, or biological
property of a cancer cell in a non-human animal model transplanted with an NOG-established
cancer cell line or in an in vitro culture system of an NOG-established cancer cell line;
35  [8] the method of searching for an anti-cancer agent target of {7}, which comprises the steps of’

(1) preparing a non-human animal model by transplanting an NOG-established cancer cell



(1) preparing a non-hurman ani mal nodel by transplanting an NOG established
cancer cell line into a non-human anln%l (2) adm nistering a test
substance to the non-human ani mal nodel® of (1); 25(3) collecting a tissue
pi ece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in each area,

when starting froma cell line sane as the NOG established cancer cel
line; (4) mapktPshRenBukhbfBagependent change of hierarchical organization,
cancer progression process, or blologlcal property of a cancer cell in the

ti ssue pleceollehng 3@(@)@ Diqge HRat 5 RIRYS & hioleBeAMPTANeTiyfor B HieSYe sEmaiuchi cal

or gani zat i ORharEABERIcaIPf R &5 HeQn R PFRFSsioRHriled! AGCR P& it
cancer cell, ﬂhlch ?gﬁfnhlbltgd b ?ﬁﬁﬁtgﬁt gut?stanae ET ? éﬁé &g%ﬁgglof

scr eeni ng féﬁdéﬁnéﬁ¥¥e%ﬁh%émx%§@ﬁ lished panspr calhlingh conprises the steps of:

(1)5 cul t @) AGeidhgvht egplaﬁldﬂ%@%amm RedrRAN G heCBlibetbd N&uE Biddt BF @)Bind

bi ol ogi cal. p rty a structure characteristic of each cancer
progr essi(%) %ngé%gsa s p Protradhatcangse hmearedepidenbe! the juekrelical t est

subst ance; oaniFRfbd, Qhindefp@dghdsiBn @ﬁﬁ:@ﬂad 61”1510]3%%&9% roPbrtPofh 84kt &lllin the
organi zation, cancer progression 7 process, i ol ogi cal property of a

cancer cel | UHCPEecul tured cells: and (4) identifying the hierarchica
or gani g@qtthemef}@fdrm‘tsea@anngama ran@rc@g@eeagm FarEtQE €3S whth d@h@r@& Baktepd perty

can which | d, by the_test subst e net hod
o 18 7 oo Rt v SOl b ot e TR iy R o R s PORE Lo

of. 5(1) pr e@mﬂmghaaaeﬂstmﬂf&ac}awnmi prf@d@dmrﬁymbés@psm anting an
NOG- est abl.i shed. ca cer cel | a non-.hunan
o ot er b BOEHARE S Ston N, AR oA Aneed b miplefhs apspecitic  5)
col | ecti ng atridtesusdpi ece that exhibits a blologlcal property or a tissue
structur ch teristically see the c [ession ss 1.n each
area, mhgﬂ Em?ﬁﬁ%%a o 8§m8é?ﬂkfﬁﬁ%“§aﬁ@W§§°Pﬁ BB egﬂﬁﬂmﬁgncer
celd line; (hﬁb)hmamhtoa?mrggﬁaattanmmdagﬁngmmomjmmw, afbibliogical gbpaal of a
organlzatloCmK:€ GEr progression process, or biological property of a

cancer cell e’tissue piece; and (5) identifying a test substance
t hat i hHillki methodhef fcoremagi fonamfintt-techi ayeat, ehiccsd axse:gmmhz'atdanieﬁ oTA NS as

D 05y SR AR AT Of o BBl 881 Un Bl BREHLNoR by B SLREREN G SPGB RH

conpr i seset pal stagps- lﬂﬁnan(a.;‘r_l)mduh@dﬁl tnagsplanted Wit aaNQﬂGEsiab]uﬂabﬂ icsivercaldieer
cebd | bn 4B GuifrPLRLAOH LR NBIRBRIINN G el dHFhy © characteristic of

each cancer progression proces
[11] the method of screening for an antl -cancer agent of {10], which comprises the steps of:

(1) preparing a non-human animal model by transplanting an NOG-established cancer cell
line into a non-human animal;
(2) administering a test substance to the non-human animal model of (1);
25 (3) collecting a tissue piece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in each area, when starting from
a cell line same as the NOG-established cancer cell line;
(4) monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell in the tissue piece; and
30 (5} identifying the formation of the hierarchical organization, cancer progression process, or
biological property of a cancer cell, which is inhibited by the test substance;
[12] the method of screening for an anti-cancer agent of [10], which comprises the steps of:
(1) culturing in vitro an NOG-established cancer cell line to mimic a biological property or a
structure characteristic of each cancer progression process;
35 (2) treating the cultured cell of (1) with a test substance;

(3) monitoring a time-dependent change of hierarchical organization, cancer progression



(2) treating the cultured cells of (1) wth a test substance; (3)
nonitoring a tine-dependent change of Qierarchical organi zati on, cancer
progressi on 20process, or biological property of a cancer cell anong the
cultured cells; and (4) identifying a test substance that inhibits

hi erarchi cal organi zation formati on, cancer progression process, or

bi ol ogi cal property of a specific cancer cell; [15] a nethod for assessing

a_phar maceublqals, 8080kl Al b &Rl b elbaRlNE Md MndiBhGancer, wherein

assessnent is cafried ¢ | g as an indicator, erarchica
or gani zaf{#Podflentififeethe 2spreicdssonzasion desrationr cdvicol worestionppropessty of a

cancer cell pidloded %%&H%F‘ F %fﬁ}c‘%ﬁ!:elﬂ%%h is i EIRDSR AN S IHtaRPe

NOG- est abl | shed” cancer Cce ne or in an in vitro culture systemof an
NOG- est BHIthe method oih saeerirg for pp geti-capcespeanh el Hélhskichtoppsiestler stepsodssi ng a

phagi nacepy E?@mﬁ@@ﬂén—ﬁ%aﬁ hgiaal H&d@lfb}pﬁ-&‘éﬁl%{iﬁ%m@}lma RRESE c%\‘meﬁh
conprises the 'steps of: 30(1) preparing a non-human ani nal node y
transpl ant i H§¢ #HC RO BEMABRYERED cancer cell line into a non-human ani nal ;

(2) adm mst@hiddednd £&4t SHAMANS ehd Rl HORRYMADIAR Al model of (1)
(3) collegtln? a tissue piece th%%,exhlblts a biological property or a
tissue s{HubPifcdngpissemigae dbat expits 8 Srlogical PHEPCEHNE &SHIGHERES on process
in each aregharahienstRhiay tdefth ﬁ@@ﬁh&%@r&g@éésidngﬁ&egﬁmeeaaﬁ atel SN aghabbinshed
cancer cell Ilng; (iéangggéorlqg a timne- ?genQent change of hierarchi cal
or §8ni zat i o cLERE Mgl eSF-6piablshsd srassscelbling o ogi cal property of a
cancer ced) nidhitblRg b gRURPPAREEChARE of Blrareledl lbf hDAtibh) Rah & PRIk QRoRT t he
hi er ar chi cal orgﬁnlz ionI cancer gro ressi.on process, or biological
property of PHEEnEe0LgI%! PIRRsiEnot Lcanyf s dhissiariers@pd subst ance:

[17] the (fietidwdfghg & &b] substin@SERSEhibYs thefbamti ARSI thCiabraddeddl of@hizbti@at i ng
or preventin s of: (1) culturing

a_hunan .5cancer, ich.c ri ses.the e
o o o R B ERST PE ARG B PR PRPHE S terite Bhed Bkt uy o
chaf act[llsci'r]ithé iethof! of acrberdigntoe in pROGARSS kgant Pf AOESShiol cén itk Gl K&s opr oper ty
(3 moni bt PHg R AT SQth R R S e h Sk i bR BRP SR i,
cancer progsessiuerhi@peosess, ecadr chicel popeadioppoperst y of a cancer cell anong
the cul t y.e |.$: d (4),. tifyinag,the formation of the hierarchica
u tﬁ)oﬁr,egtgrlagnt%é At ce}llsloqgir} \%61}%/% éegg

or gani zat’i cer progressi ?ﬁﬁ?nﬁﬁological property of a
cancer cé€})l monftouhg k §miendepbidestclnge hehiemsthisilbstaainaton, aatker prdetl}ioa net hod

: : " . , ¥ "
et e P R R hrohE AP LS b B L SRS ARl el A e
or cell Knédentifsiie aiovi wbstashi tbatanlihite heravelgeal iozganization fameton,pangr essi on
process, or .0l oah ¢AlccRl 8PEIINE QA pRpERPELE sffidc cahli @Rt S of the

| nventi on] ] )
[15] a method for assessing a pharmaceutical agent for treating or preventing a human cancer,

wherein assessment is carried out, using as an indicator, hierarchical organization, cancer
25  progression process, or biological property of a cancer cell in a non-human animal model
transplanted with an NOG-established cancer cell line or in an in vitro culture system of an
NOG-established cancer cell line;
[16] the method of [15] for assessing a pharmaceutical agent for treating or preventing a human
cancer, which comprises the steps of:
30 (1) preparing a non-human animal model by transplanting an NOG-established cancer cell
line into a non-human animal;
(2) administering a test substance to the non-human animal model of (1);
(3) collecting a tissue piece that exhibits a biological property or a tissue structure
charactenistically seen in the cancer progression process in each area, when starting from
35 a cell line same as the NOG-established cancer cell line;

(4) monitoring a time-dependent change of hierarchical organization, cancer progression



The present invention provides non-human ani nmal nodel s of cancer pathol ogy
nore simlar to human cancer and in vigro cell culture systens whose cel

nor phol ogi es are nore 20simlar to thoSe in the human cancer pathol ogy. A
result closer to human clinical data is expected be obtained by screening
for anti-cancer agents or assessing the pharmacol ogi cal effects of test
subst ances using an ani mal nodel of cancer pathol ogy or a cancer cel

cul ture systemd.haty; Yotl-&lle6tsnk - : Brief Description
of the Dra\/\]_B ngs 12(?19.1 1%%%5 %%&Oogar gpﬁ%sc%(%\}h\;yg%qgn e ?%ellng tumlike

prol i f er 60 nayee thyfemgtian glithahigechicel greaigatishs emperhrogiessies pradtserdm i s
expr essed Oﬁiowyca\f“ﬁ@p@rt??f b oSS Qe whr@hb %hj@teﬂ%% %P&fggtragﬁ?s depi cti ng

an epitheliumlike F oliferation under in vitro ure conditions. Left
panel : [t7hfeanethad AEL ISh 5 astespiema phemageetisebagent Gfreplantedr prevansiag dibrwagi onal

Mat 5 i gedncel WhibhoonfiRlsBPik Qo6 epi thel i um | i ke gl andul ar structures is
observed with the three-dinensional Matrigel culture, 35 Fig. 3 shows

phot ogr aphs CHBBEINELT N NRGastapdshadeance cel dine fo MiBieH Bsiuon crpaacteristic

di sappear edoM@h @aRRE Progfisdsh Yo cBERR ORIREIckNiBp&aNthakbiW th tunor stroma.

9 Fig. 4 %homs,photggraphs d%plctgng an epithelral” area and an invasive
area in GYnBratingsescgirehiitleitd]) wibadeshHgSEEF&phs i ndi cate epitheliumlike
areas (*)3)whehBofmEadheldefer @nUHRESNGT B hidhe Mgl Bpb@lakios WahaG SrdRision
|n%25|ve areas where E-cadherin s partially dlsapqeared and

5 1 br onect | ROFESi ¢4 OGP RORFH &@éﬁ%’&e?aﬁﬂé&g thoailRsdedByandrrow) . Fig. 5
shows phptogaptys dBpifsinaign dome ﬁﬁéraz@ﬁi&@%rﬁ&ﬂi@:&idﬁ,s cahiagr frhgreE e PGk irl ity

of the tissue,organi zati op by NOG:establ.ished cancer cell |ines
(establis heﬂwbgglc%ﬂw@em Shprd %eélaé’@‘?‘.fs Ay the tes 'lbﬁtﬁ%‘f%@?%phs . the
NOG- es{ia@dhinshibsl cfan@es a e@l-huthim@smekepaabReied withaCNOIRedtdtS &l cancer cell

dopi ot PRooCaoeD et aioee] 68T e 3F L RaeeL e Ve R S ea T PR

epi § hehietmredick erginoatibn aneeer psdewsPhuddrgs, ©ebldodicd] pvepeste ol agamet b8l cl osed
triangle), which are not |abeled by continuous BrdU | abeling, are detected
anong epithelial cells. The cells in the 15BrdU-negative cell area are

posi ti {#ftdcorofahechrvertiordt em cel | marker (Lgr5). Fig. 7 shows phot ographs
depicting c er._stern cells in the invasive growh area. ln the invasive
arot h area. 15 g afveifondplidel B bRERF miad IS ok dRerp ol pCT ed by
cont i neioukir Br dithdmadekémgd favgrodetl eottact siysteth evhaseeelnbiphelvictdiatd mbre

gl é:‘tﬁ‘dULig{ﬂaﬂor #%{85&%%@ G0 a%%’o%})g}ﬁ%m%&t GeLbS ﬁ;&'n%gﬂ i@%i.r W;sare also
observed 1'n the invasive aréa as welf as anong cells ex i DI ing fhe

cl ust eexpegtedivie obtdineddyswredingdonadueanicer adents oek$sgbsang thnphsinorolpgsekess. The
cells i Lt f grb)
(open SFoi B BORIRCELE AP oRE B cERE Bhondhlh Br S Edcel ROt
tunor Rystanathehnesd cl@ﬁag}arﬁﬂpatsih@maar@dn@ancer 25stern cells. Fig. 9 shows
phot ogr aphs depicting sanples in the experinment of continuous |dU BrdU
| abel i ng over two generations. Cells observed are: cells which renmai ned

r es? i nBriel/BesoripiogyehtepWHES (open arrow); 30cells which grew slowy in the
first generation but stopped growing in the second generation (open
triangle); and cells which underwent differential proliferation in the

first HighdintPheosgph shoppedn grigwlivg -BlrdpieEtarfionsirein Thel glandular spgture is

observed, and E-cadherin is expressed on the whole cell surface.

30 Fig. 2 shows photographs depicting an epithelium-like proliferation under in vitro culture
conditions. Left panel: three-dimensional suspension culture; right panel: three-dimensional
Matrigel culture. Formation of epithelium-like glandular structures is observed with the three-

dimensional Matrigel culture.

35  Fig. 3 shows photographs depicting an invasive area. E-cadherin expression has disappeared

where each invasive area comes into contact with tumor stroma.



10 Fig. 11 shows photographs depicting human-derived fibroblasts. Fig. 12
shows phot ographs and di agrans depicting in vitro growh of human-derived
fibroblasts. 50nly epitheliumlike cel ¥s (closed triangle) were observed
but fibroblasts were undetectabl e under the suspension culture conditions.
Meanwhi | e, when the cells are adhered, fibroblast-like cells (closed arrow)
grew. Furthernore, using an anti-human HMC anti body, 90% of the cells were
confirmed to be human-derived cells. 10Fig. 13 shows phot ographs depicting
t he hi stopat hol ogy of cancer cells resistant to anti-cancer agents, which
wer e obigefveavaphasegraphs depistinaen opitheliakbareamd acianegre argeimt othS-thpasefour aci | )

to NOG, N

These p otograéﬁﬁﬂﬁﬁg$%ﬂ?2h%%ﬁ?ﬂ%reaggqﬁgg%%%ﬁeewga%?2%%%§%g%ég&kb(%gﬁﬁar
ducts Péblssel S‘anfatm)ldarm‘cﬂsafedws shse %ﬁacﬂwnduhﬁgp@ﬁlﬂ%ﬂuam@m(eﬁm@ﬁen line). 15
Mode f ﬁhmgf@c':’t{ (ﬁgmg'gellg Qﬁ% Je YRR LR mdlca\‘ﬁd bg resent invention relates

t o non- human a I mal nodel's of cancer pathol ogy ich can be effectively
used for devel opi ng pharmaceutical agents for treating or preventing hunman

cancer F;?@Qh&&é bh&%@iﬁe@mﬁg H@n&r@%ﬁn@c’f lﬁlsé%ie& ahc!‘th\é'r&ﬂz‘é?d&&klnhtm Rbglagy rore

simlar to that in a 20cancer pathol ogy Fe0| icall'y, the present

i nvent Pranizaion BeNP§-pHsRlherhernasi Cﬁﬂllmﬁﬁ)&é aBlighed diyrikige By morapRspISEhk iAdg an
NOG- estalid ﬁhﬁ@pwgﬁﬁhsc ﬁie'Nd)G%ta@ﬁ%e%Q’ahcsé?%Qﬂ westrreﬁémdly’aﬁﬁmgme woRe cancer
ti ssues into severe

-1 munodeficient NOD SC DY gamma(c) (nul 1) (NOG mi ce)
i nl% nSﬁ@ﬁﬁﬁﬂﬁ“gmQ%ﬂ%ﬁ%%ﬁﬁqﬁﬁ%hne or a dlfferent species, as well as in
vitro culture systens of the NOG established cancer cell lines. 25The

non- hunan api nal nDdeIs f the pr esent vention, nay m c the hierarchical
or gani #5 PSROWT Pholpwaphsepisiag car@&ﬁ%}@m %ﬂ%g&%@l@ﬂlwg‘%ﬁwt&ﬁaﬁ%. Bla}Kgi cal

proper E:plﬁﬁahhllﬂellik%cérowvma@@ s&fvegmu@@euts%l@atdyai@gycsz ciaséauﬁaﬁgl@)aaﬁwh a%‘é 3 t he
presen 1 on e ncer are no e
but pr e@én*aag?ibx mﬂaﬁgu?%b ahelfig @fe ﬁaa%eeeplth@i% %%sr rTi?«ang

canger Brdll &agdtive a6t @fea a@pbgﬁ&@%ﬁ@_&at@ep@ﬂﬁ%_&ﬂ n2Pke(EpA3). t he hl erarchi cal
organi zati on of cancer tissues, which is unique to human cancer pat hol ogy"
i ncludes a two-layer structure having an area with a gl andul ar structure

consi s Figﬁg sbbwephdtsgrapliddepitinp ehncat steinkelld i ﬁhe Lignkivagionhand. dn tﬂenvas ive
area Wt | s having a tenden |ffer e int senc ceIIs
T ho nATE HRL A SR T e e R G Ao T TSR R S
ex p r es Bedl ddbclitig laee BGertd inshe hiaa amh'lap&hdlqb g&aﬁulaﬂstﬁfcnﬁes: il slcmuc?cﬂm@e

ant. vasive area

d
il o e R A B L R P S B ROR v RE a R B SR LI b B S, e
d| ssoctchstedngivhihes pesored ¢cebay imathd celbdanstasiet procesef Theibellselescribel labovien t h e

|nvaS|g&g%%ﬁﬁggggg%ggﬂggéﬁca HE%@&}gggiﬁgeﬁgmgﬁ tial loss of the epithelia

nat ur e; erin expressi o I'r con ‘act surface with the
stromal cells; and express fibronectin, which is normally not expressed on

S S s T T

epk? hebtemmellb ke gl andul ar area and invasive area. Wether cancer stemcells
are present in these areas can be assessed by using a cell proliferation
mar ker (for exanple, continuous BrdU | abeling and Ki67 stalnlngcz‘j a cancer
st em cé&lg 9#&@%@({’6@@@@@?&% sigpi8s gt @ wkpryymens of eendinupreldUIBIAY kbeling on,

the pres&iivolRY&REHARN @MRBb&Rvdd #B- course and simul taneous observation of

cells which remained resting over two generations (open arrow);

30  cells which grew slowly in the first generation but stopped growing in the second generation
(open triangle); and
cells which underwent differential proliferation in the first generation but stopped growing and

became stem cells (arrow).

35  Fig. 10 shows photographs depicting samples immunostained with anti-P53 antibody and anti-
BrdU antibody. Cells weakly positive or negative for P53 and BrdU (open arrow) are detected.



both the presence of cancer stemcells and the m m cking of the
hi erarchi cal organi zati on of cancer tissues, cancer progression process, or
bi ol ogi cal properties thereof This heIH% to elucidate the hierarchical
or gani zati on and cancer progression process, i.e., how the cancer
tissue-specific structure is folined originating fromcancer stemcells.
15More specifically, in the high stress environnent at the early stage
after transplantation, mainly surviving are the cancer stemcells and their
progenitor cells. After the growth phase starts, gland-fooning cancer cells
erer ge Fig 11 isovapehnsogtephsrdcisting bumprederived fitkeblgstandul ar area. Meanwhi | e,
sl ow-cycling cancer stemcells and their progenitor cells are naintained
and becone responsible for further expansion of the epitheliumlike
gl andulF&g 13sbaws gptegraplstand didgaamas dipictingén 20abgeetileSlamarederivied ddrabdasty ea,
parsi alo@/@ pifelin- lﬁsecdané&;&éea%ﬁﬂ eﬁfwewmenee'ﬂ@ﬁ%@zaq{s cgghﬁtﬁeﬁgctib']é"gl e

I1s a nder t

tunmor ce ener ge anong cel mana to survive u

st r ess tadgithorpario culthe @&iﬂm@net M@@\@ﬂ?ee whep shesqsllanteaadhersd, fhreblast-like

sl ow- cyghd REbs&PORRY ) h%\%r FufBbdRrd kuSindlad LAl 'h@ﬁ]aﬁqjiﬂ/]% a"?rftﬂ%@%bh%/ofhﬁé’@eﬂs
under gone parti al - and expand their area while contributing to cancer
|nvaS|8%#%W%%%Wﬁﬁg{W6mﬂ%ﬁﬁd§D@ﬁCeﬁhrthe|nDre when reaching a specific
envi ronnment, some 25partial - EMI ceIIs undergo a so caIIed

mesench nal-eplt elial transitian er parti al -

e, to
cel¥s g dA shoreerhaiesraplielegysiipg e laﬁ;towfﬁ!m]?@f ‘a%%ﬁzﬂc?recellﬁrewéa@t fpatr %ﬂc"ﬁat ure
iag alt R a@éils, t\nhﬁéht xmewo%sér%mm@laaﬂﬂehswmbh ok &n gh@REMeR kg s (ﬁﬁhé‘:‘bﬁﬁcﬂj{"&%m(}
n e presen i 0 cer _progression pr cess unique.to
pat hol 8596 eHsalaps hcaaﬁg Qré] eﬁtar?ilgﬁf‘die@ 16 GRcanaagme: THRe Aoz FPradtesses
dependiahgh@shst Bﬁpdiirlfyf—(ﬁﬁef&ma:%d enndUst @lcusS(cfsed aRERY arkPd d&rease of buddidgn t he
case of well - fferenglated cancer, the major process is an epitheliumlike

prol i f SFRHEH (BPIEEE)-(epi t hel i al duct-forming pattern). In the case of
nodigratel y-differenti ated cancer, the major process is an invasive

prolifera %on race i nvasive EMT pattern), while including an
epi t he YSHBr ocess (epithelial duct-formng pattern). In

t he case 350ﬁ“h@pmsény ndjehﬁem ﬁzﬂhitésaﬁ)e!dndﬁﬂ(aﬁ ranirh 4lem oo O£ qenmi@aﬁlolo@y,amhlch

i nvasi ve pro eratlo vasi v
that ¢ Fe B Bkl RN PR St PR B Db PR b e oy presgping ol o
pr oper thestr, (afld cahodturs sgemnmahhtmthmh witen dsdhloseqﬁemgylnkmd shﬁla@\m that in a
Si pge ueI cha rogressi on
or gg os ;c\gﬂ:c}%r :ﬁh&lo é}( r?ﬁecﬁfc‘]%%r ‘%Hé ére%J tu%rhr%i ey %HnaB [né/)odo havi ng
t hei r oimmstd|quan$plmaing&de§®ﬁﬂatabbshedfcad¢a?i:elﬂ dane (eatabbshed by transpladiren
follo I I'ls
that | Gabeh Ak AR LR Rl AR Rl R A OBy S g R IR P OGE RS e
first generathiwanagaials eldhesarec tthedificepesicaces, asvdl anreahd siliure sivenrsedond
gener atyl 090G esPabiishddC: aQ&Q'?ﬂ g%l property so-called stemcell plasticity.
10A decreased expression o B protein is known to be involved in the stem
celbs' biol o@heaqm bmpeﬂm;nabmwﬁe ofthguiresenieiny ergfontrhay Ipimmtb@hlemgh,xcaﬁ e.
reproge, r t in the
rodel o e S aReR RRRY, ks PO bt A o S e R, ' o
t he pr &degtarg nmem fooethelagicof heumparowase. di therpipsent ingentism, e@neeﬁtatget s into
tunor sifep@yE Hétrﬂaﬂgcufldrgfl(ﬂﬁ e b ik fmfnﬁ;ﬁ{ael Rh @x SR bithehd A amlBS apHaYTe!
15transition (conplete- ansition into f brobl asts cah be tested
by 1 Hccéltcél’»ﬁ?ﬂﬁgcaﬁq‘?febﬂe?%ﬁémqe%@ﬁd PRRCECHGIERCSS peci fi ¢ f| br obl asts can be

assgssed by HeredilC1d SHiaR%idaPbre BRI ITREA el Gisk3E WHiK AR th Ruman
The ani mal nodel s of the present inventjon enabl € observation of an

above- G8¥EF PEBYOBY o’@é]é’ée%Wfo@Y%StWﬁ%“? byangan prgp yath acglmdifarsiruete st at us

of Can@@ﬁsxé@fn@%‘f@é&d Wil etidnbOe: @&aBeafiatkdnaMdGaliheasWii £& DAY eellshavREaperti es

of nlnlc i ng above-descri bed
ten ency to r-}hfferent}/ate into mesenchymal cells.

In the above-described epithelium-like glandular area, E-cadherin is expressed on whole
35  cell surface. The expression of E-cadherin can be tested using an anti-E-cadherin antibody.

The above-described invasive area exhibits characteristic morphologies: budding,



hi erarchi cal organi zati on of human cancer tissues and cancer progression
process can be detected in the aninal ]glodel s of the present invention.
Animal s that can be used to prepare the ani nal nodels of the present
i nvention include, for exanple, non-human nmanmmal s commonly used in
conventional experinments such as mce, 25nude mice, rats, nude rats, guinea
pi gs, hansters, rabbits, dogs, and nonkeys. Preferred animals include, for
exanpl h | . ) . I i i gs,
ot ocsL Bty BHE ARk i sn B AR &R B rSoo A Tl R B BS,
nor e phiefasive argaanilerad partine ENtdeleadiog tepatiplless ofitbecpithgted natwe 1adkolt-cadhanipl e,
NOD/ SCl, aase TR HAGTVIN ANS Ny . ! i ral
(recipi %Itggsam mal% Ir]'"'téo{a)tgtegt ra%gghgﬁ% %u rgmﬁlﬁﬁlig%ﬂ&%’%ﬁ%@% g?%%ﬁ%ﬂ? cel |
| i ne magrpdlyofot exsessedren gpitiflibmelileaellspeci es from t he
severel y-i mypedet G g }\%%@ilp/mé%m b ) &gﬁ lemal )
2g{cies e ] A 1)n§ Q%@C%W%‘E%g& ranQlﬂgﬂle

wi th which an NOG est al ] cancer cell line 1S esta
i munokbyyecdsced wpbheitum-ike chandan yenind ipredies anshy Waketheh eansanvsers igelds ass .

Howev e, reqigh tﬂewmhib%iaﬁé&seammt@ SUGrafRHAe ALK @ SYdglel ats are
35used, the aninmals may be of different species. The nethods for_ preparing

t he anicHMueBHBIE) Bhelitgeand eidd stainipglen canshr e @l deakerddor cxampls) bgyd

The anisgplingipglehsiied. the present invention can be prepared by transplanting

NOG- est abl i shed cancer cell |ines established by transpl anti ng hunan t unor
t

ti $dues int ol s¥lAEHB: PeifFRIAOH¥FIIOPEREDINCBNSCPEISH ARdraire) ienens POtNEE ki ce as

donor  @piha¢ freséidd 6EEAREOHSH Vel MHdGhE BERIKETY o ARk ARESchi®dl ok fnDatiBebs

vari ous body cavities, or various or&gns._ ] . Nge%t%% i, shed cancer
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est abl ieklarEtef th©Metehi MO finBAtiod ARl @88erro SYsiolNGIocisCit. ARy e caleect ed
bl.ished cancer cell |line to be transpl anted

dependi.ng on the type of estg i

and t hESE5eRfe CW%BgEFﬁogﬁ? SHERATDS eRrancey o8t C‘?IGCi pient aninmals is, for

exadpl e, pr efeiraieyifidallp id MR higekeeso bt imAaient felle a4l ¥hEeaftch UaRsplin€gion SCl D

m ce, !\ICD18CI D. mce, tNOG m cg ralk s, .Of .nhude rats. Specifically,

the aniHElY FHAETSE BF RHEHTeSan e P RT O 8FHIB &It eplrrdbe By “EhB#6! | owi ng

Lret ho?sta‘gtg,rging—faﬂnigﬂ%aﬁ&rrﬁ ) aalllrl]si ﬁhﬁ*@h e tbpthe elé?\&e(f]dsalﬁﬁédﬁeeﬁtﬁblljiﬂr?—liﬁe ghinddbr arelat hol
it. : . 559-567 ich is es i shed. t.r anspl ant.i n

puran: SEPTOBHC SREEI TR e e st B am iy Y et B R ot e

i nt o r esbprsarit farfunedr expSshoutfaneepid etinar el ghantdaidr areal Ompthe bérer Rehdak the

transpl ation. Si . because..ii-18 conveni en 0 rfor However

tr 2o praNeas bt Gen AR Bfole VT GRESRN flieed ARG S BRLRSS s

transp ls'mgteatnjnoncéis temers qnm@f@aeﬁbthat sehagtiad sgiependidagthe highhstresmninvrbnhentbe

used. NPADWNR) acd N6, LEEARLANES, HOk:d HADSRLANI LAG ANNCG &5 ahbished gancer

cell Iine are not particdlariy Timted; it s possi T'e “F'o Use ednvent Ponal

t r anspkiant tiey daveoidegont gedigl-EMT, and expint] éreit aram siblilaotiboing tolvensodel

ani mal s_.qf. i ti r . [ . i l..or

reri| 2 25eh R BRBSENH al LG ORI R B M AR soBE s b

speti f ipedial-¥Mhedlladedergor sexahpl mesanbleyned regitheloa sranfition Evipé) tierer Pwfto20 to

26C, huwmi-di LW .0 9 ; ' o le:..a
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it is preferabhe pthedi§entiBE, BOHIRLS éff@ére%ﬁﬁrﬁﬁm%ss %fq%e@%?fﬁholegf&ea{ ably 28

or nore days after transplantation. By fearing the transpl anted animals for
a cert Armapeced inglpdes; for g3 pnalst bg fadbaying processes depending on the differentiation

30 status of cancer cells.

In the case of well-differentiated cancer, the major process is an epithelium-like
proliferation process (epithelial duct-forming pattern). In the case of moderately-differentiated
cancer, the major process is an invasive proliferation process (invasive EMT pattern), while
including an epithelium-like proliferation process (epithelial duct-forming pattern). In the case

35  of poorly-differentiated cancer, the major process is an invasive proliferation process (invasive
EMT pattern).



est abl i shed cancer cell line grows and differentiates into tissues having
the histological features 30of human tunor tissues at the transplantation
site. As described above, the ani mal nbtels of the present invention have
tissues with features of human tunor tissues, and therefore can serve as
ani mal nodel s for human cancer pat hol ogy. The cells are cultured by
a culture nmethod using an appropriate nedium (D-MEM MEM RPM 1640, BME,

D- MEM F12, ¥ ' hil.ves .

35(i nact i vat e%le? h%ht)he%%% Jgglgﬁ&tt%ge\ré]\ﬂllabi' %?é;efs?rgﬁtg%ftg%y%g:il(}#gagplrjogglénee? of
Sodi unrcayer stglerceﬂﬁ’ lbdné@élom-E@ESde_bﬂl]ﬂMt ami ne, Hepari n, BSA, FGF, EGF,

Transferrin r under
condi tions SlSJIn'? gg%'dhrbfe LI T %ﬂeﬁgnm%déeéﬁ% P{lhﬁely(c 1 ég{rg%%mgg&ﬁ% under
5% 002¥ancer stem Celis/WmesmtutSh@Whh@blaIrO@mal:aﬂommgaﬁhMg 'dilﬁlf oangéquepimgr essi on
proces operty of cancer cells observed in the nodel
am%a gcs’[ﬁ%n&{gﬁ(ﬁ%&%at?{nro culture systemof NOG 5 established cancer
cel | 1ines oWhendolnweisg the trangiionod sandes sigweiglla overiwiorsgherations. ¢ais that lost
assess R propdBed RAGhed? Steldlodlls L@ dfttrtitafedSH ShEMP ente%oﬁr E%ﬁ% iyt i on
can be appl ied to search for anti-cancer agent tar een or
ant i - cBIfPSTtics g pied, celp insthie seqont @er@alées 1.ph rﬁ@leawﬁapp@@wcsﬂlﬁ@stemrc@ati ng
or preypRtdiRg human cancer. The present invention relates to nethods of
searching for anti-cancer agent targets, 10which carry out an assessnent,
ustthg as an ﬁrﬂfF@aﬁeérexmteﬁfé%P%?%}E GRS @p@aﬁpiaﬁm\&hveddaﬁ%eeﬁwpﬁ@@ essi on
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net hods of t RerRE@SANthel MWBAThedLLs masp@saﬁnnmﬁaﬂnﬁﬂﬁmle pAREQ of transition
transpl anted 15wi.th an NOG establis can ell line S used, the search

for anPf SEEATETS e MM Tgarstogs fe P%t% copplets epigeliphmesegcipyyal
deseri begsibel @ompletd- EMBparhem@nmza@mhlﬂimmw dﬁalbem@s@@i b)b]SH(L‘ EaRsh. adel Ng an

NOG- est abl.i.shed cancer c e into a non n 2) collectin
% 11 S HETpHOLE FP B el B PGP BT OBEG SOITAE [ Sepn Spett G e

20char adteglodtiical | y seen in the cancer progression process in each area,

wh tarti f t abl |l
ne; (3)  asdbe ey PRETS 0p BT AT 67 i AR o0y BB P IEEBH oot ed

t i ssueppjcessanmque(ta)the t@pelof targeﬂicancdem‘tthé yﬂaﬂxg oﬁcgmae})mrgrq@gl@ﬁ ein that changes
nmanner nt of t r chi,cal anl ati.o ro si on

orifeca"or BRRRBGTRGT Shpots Mt e e PE R o i R SR O e R

Al ter nhielrare!hzyai argarizagomef modsn cfncth@sspesesidntndan perdréssion pabress tdnebei datecietdr o

cul tur li.shed cancer cell line is used, the search

for ta?ng@t%zahgﬁgl%m‘t%& & c%ége%?lnveﬂ “Chn be carried out via st eps (1) to (3)

descri bed belownals that can be(uspd @upltepanem]gp ammeal mpdelanf NOGrastabydnsine thebalecer

cell I r har acteri stic of

cach o heapfplE Mo Sol Aot RRE ek B oty ARRLRL SRR AR BREE Rin
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cancer
nude rats.

30 An animal (recipient animal) to be transplanted with an NOG-established cancer cell
line may be of the same or different species from the severely-immunodeficient
NOD/SCID/gamma(c){null) (NOG) mouse (donor animal) with which an NOG-established
cancer cell line is established. From an immunological viewpoint, the animals are preferably of
the same species. However, when immunodeficient anmimals such as nude mice or nude rats are

35  used, the animals may be of different species.

The methods for preparing the animal models of the present invention are described



15 progression process can be norphol ogically observed by HE staining and
i mmunohi st ochem stry (IHC) of thin sectjons of tissue sanples prepared by
the AMeX nmethod or the like. Wen the hbove-described hierarchical
or gani zati on, cancer progression process, or biological property specific
to a human tunor tissue is detected in a test tissue, the tissue is judged
as a cancer- 5related tissue and is tested for the expression of DNAs,
RNAs, Eogrotelns In the present invention, RNAs include, but are not
limte to MRNA and m cro- RNA. Met hods for testing the expression of a
DNA, RNA, or The ativishmades nbthepaesentciobentiop chip bﬁpm;bpredéafttramgpleamgiéodiene by
conven f i | E each
gene 1 S ahedEiiaE A Ble, B ARRLI Gy BT PR R LR Y, OF
each genemoa&ﬂft@eend@@)/ﬁﬂﬁé@ama&@(nmmomrmylbfr pelonar amlmaé? %me%uky ng the
TR 858 rd TR A nal &l GO M Chbus bOE BXRIASS! Ao Yool each gene can be
measur ed usi array tec ues u er nor e Ions containing the
protein enco f5taldish g@neﬂﬁﬂjubet@bﬁFeePE§&ﬁym@Gnvewmi@nmhbwemheds The
expr es g} Rak i an@AEAb R $dh ﬁamd@e L. e@ﬁ@si%emr sﬁ{;}?ﬂ@@&h@ c?aﬁ'b% sSidCly as

SDS- PAGE to determ ne the translational ene. Alternatively,

t he exgeradingrprghe saeiv! grtakleshpd eewelbeelldeteéebe@rab‘gplm\&eig ardhhe spacissofng usi ng

an ant i.bodyyagahnst the protein to deteimne the translational level of the
gene. The present invention relates to nethods of screening for anti-cancer
agéhts, whi chbeags9f recipicasyuEalyantior eraimpde. RectamblydioddPoreeks pld Whaarthex hi cal

or gani zathRe, nxfﬂ%@&%é JUIPGHRSSNOD-RCAT 858, NG Rhied, Qﬂb GRnuBEPRErty of cancer
cells in a non man ani nal _node) transplanted wi'th an NOG est abl i shed

cancer cell ‘%i‘ruya'ﬁhelaﬁmﬁl prgel gt thy messpbins tsm @R brorsnessddy hehed cancer

cell 2%11@@1 hﬂ:tﬁolae Filt, R A GlestabBsHRE RERRE cdINNRNFLANE. ymn:r)achamr Y
ancer [ |ne IS used,

ani mal ante establlshed

the scPBomh 534) ﬁl&#ﬂﬁi ese%ﬁg&dhba/ e%zh% S O koA igtodiQGmire ¢ o
(5)sdessd pﬁse@gzbgh@wmspiamed mto(léc)rpﬁzhﬁﬂﬁﬁllaﬂg sabaﬁﬂxdaumals@mnmlon hpgleferiey
transplantln cancer cell . 25l into a non-human ani mal ;

() "ot RSP TRIOR N Bt OBt 8 SC8 TG HPHGAD T A LRI GEEN 6 10)
(3) cohbegdriingady Iliﬂ&ﬁ&l,emﬁlaﬁ epplbbﬁateepahsmmauﬁhhﬂe@é pefeally pEloged ﬁépeﬁﬁmg
ti ssue structur aracteri st een in the cer es JProcess
1 each et bhe Ry M b ediioer fu Sl e AR S o
cancer caedet cdll e araabﬂ@aﬂmmﬂ;ohmngd,at Isipoesisie pe nsteshv ahnngerakplah@tiar chi cal
nl%aéi(1 cancer progression process, or biological property of a
EBMI%H the tissue piece; and (5) identifying the formation of the

h| er ar chi cal Adtegaaispédnitzoion, tha neell qurimgrseﬁ“ ﬁmemomslﬁiomnajeb@fsageidmﬂer

lpl’nogﬁ:’): mroefnr.u"%l a %5] (s:t%rti{ecc%l,\il_llfnon% ﬁf; ner%iﬁd Ihuhé 1%5111%1 cob d1t11;0q1§ éH%Beliof_tal‘lr%l ﬁl% o d With an

NOG- BSWWIWSMUﬂec drearmplkel thelconditioss ofs ethpetrdieresd 26 em26Y, fbtumuatyt of-3@ancer
agents 4§ or;l ﬁpe% a%ﬁrv&a!t&qfrgéjfnte}ﬂeﬁight cycle: a 12-hour light-dark cycle.

25 The period of animal rearing is not particularly limited; in the case of mice, nude mice,
rats, or nude rats, it is preferable to rear the animals for three or more days, preferably 28 or
more days after transplantation.

By rearing the transplanted animals for a certain period, the transplanted NOG-
established cancer cell line grows and differentiates into tissues having the histological features

30  of human tumor tissues at the transplantation site. As described above, the animal models of the
present invention have tissues with features of human tumor tissues, and therefore can serve as
animal models for human cancer pathology.

The cells are cultured by a culture method using an appropriate medium {D-MEM,
MEM, RPMI1640, BME, D-MEM/F12, G-MEM, etc.) supplemented with appropriate additives

35  (inactivated Fetal Bovine Serum, Penicillin, Streptomycin, Glucose, Sodium Hydrogen

Carbonate, HEPES, L-Glutamine, Heparin, BSA, FGF, EGFE, Transferrin, Insulin, Putrescin,



steps (1) to (5) described below. 16 (1) preparing a non-human ani nal
nodel by transplanting an NOG established cancer cell line into a non-human
animal; (2) administering a test subst khce to the non-human ani nal nodel of
(r); (3) collecting a tissue piece that exhibits a biological property
or a tissue structure 5characteristically seen in the cancer progression
process in each area, when starting froma cell line sane as the
NOG es r in 4 toring a,ti nt change of
hi erar ?ﬁ%&l&%ﬁ? Q’nrg e%?epgn% et%ﬁlulldflr Cogditlg)r% S‘{%@S.@f} m?l(l)ncaéian man cx?l ure ftgr exalyp ?e
properﬂy3fﬁiﬁnﬁxw&k60ﬁelI in the tissue piece; and (5) |dent|fy|ng a test
substance th i - I r C an zatl
10cancer pr og‘?‘eéé‘gﬁ%%&a?_‘éhég‘gé’{g% %{rﬁ%&{)%&g@r g{%%r&si%ﬁﬁ{ CQE %r big] %t a‘lrlpmpca cer
cel | . Af tarcantdlly ebyervedintthemmde! hodsalmfornrhélepn egmnulﬂum/sezntenmf N@fen the in
Vitko
scr ben re 1 bed SHREFE el s Mo R o RS R btoalol I shef5ER md
descr i pedeher igwitro culture system Ofdht pesenignyantion parobfaaPHM@setam fos &Fédcmﬁcer
cel | (18 O ofooR i AL ER cHFORE KlrberPlo Asck c of
each ca%gl ro re35|on 6roées§g I‘m€§3 ?re %%%g& ﬁﬁpagiu?éﬁé%%ﬁk
(1) mﬁphpﬁwﬂéﬁg @4ne®; (3) nonitoring a time-dependent change of
hi er ar chi cal Tt gRREA 3 eARon FAAGEH Iﬂétﬁ&{sq%%&emﬂg @&%%Lcaaéer% g &R
pro erty of a cancer cell in the cultured cell
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pr OC es ProgRbssiA IOl g 'ogﬁiolﬁ&Pﬁfobﬁrt?Bf ﬁle%ﬂ&@ telb€ihla nodtunihn Sih b ed by
t he teSt substance anot her enbodi ment, when the in vitro

cul t ur &283pdandsd Y‘ﬁth an N@Sieeablibed sHsar edhlansrorgalip vitioaliuze syssmn of ageNOG-

scr eeniefighlfsBbd adtcker SANGRY agents can be carried out via steps (1) to (4)
descri bed be 0 culturing |n vitro an NOG establjshed cancer

cell line to ”rﬁ\f‘/ﬁinéeﬂé"dé|"£lﬁt‘?gﬁf‘és<9pt B PR PheR @ Jop-bEiag apvpae s Gaselepted ¢ of

each cangeh NWOOGLHSLIA RhEG 8IS line is used, thé sdardl BREANBadBLagHl fadeBag @kl s Of

(1) with a_ test. subs torlng a tinme-dependent change of
hlerarSWFEQPuBW6§ﬁ?§ék E@<@§%ﬁ%&g B83r essi on process, or bi ol ogi ca

pr oper t y (pf pﬁapﬁﬁﬁgl@hoﬁ‘rﬁhxbaﬁﬂi@ﬁgl fridgelCdyl transpldn e ASNO&NEstablished cantd)cell
i dentifying,a st suS;tance at inhibits hierarchical organization

f or mati on, Bﬁﬁ ? 2 36D process, or biological property of a

S peCi fic (Z}alﬁim’ctlﬁghh}ssue piece that hehl“bites bl(ﬂ(bgi&ﬂ @ﬂﬁ}ﬁﬁy or 8 the Siﬁiﬁbﬁt&ds of the
i cul arl and i.ncl ude, r .ex

ent |nv not pa | e,
Bl B8 e comp St AR B e hoed A o SR CeoEb RSN STHGF G
conpounds pmemhnasmn@anheﬂﬁk3eamduaadnmuﬂtuﬂshmﬁs mell as conpound
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cul'ture. SUps RETEnbE R SIS I8PE et b Bie s BrusT hahf Sieke ofBiang
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subst ances or
25 tissue piece.
Alternatively, in the methods of the present invention, when the in vitro culture system
of an NOG-established cancer cell line 1s used, the search for targets for anti-cancer agents can
be carried out via steps (1) to (3) described below:
(1) culturing in vitro an NOG-established cancer cell line to mimic a biological property or a
30 structure characteristic of each cancer progression process;
(2) assessing the expression of DNA, RNA, or protein in a cultured cell mimicking a
characteristic structure; and
(3) identifying a gene or protein in the cultured cell that changes in a manner dependent of
the hierarchical organization, cancer progression process, or biological property of a
35 cancer cell,

In the present invention, the structure of a tissue or cell line characteristic of a cancer



17 crude substances such as extracts of plants, animals, or mcroorgani sSns.
The met hods for producing test substances are also not particularly
limted; the substances nmay be isolatetb fromnatural materials, synthesized
chem cally or biochemcally, or prepared by genetic engineering. If needed,
t he above test sanples can be used after appropriately |abeling. Labels

5i ncl ude, for exanple, radiolabels and fluorescent |abels. The test sanples
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culture systemln a non- human a or an In vitro cultur systemof
an NOG- est ablh&PEsETS Aveationielates tp methqds of sgeerning iy apfehngc eears. sthidi of
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confinu an effect on the cancer progression process characte tic

human EHNES Of bralsice} Riepefeoigfanes: selivingy neehyman %méwa@é@tt@mé@m@d Wﬁhﬁhe
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as sessnent Ofp the hRSods 6 &ieapﬂ@s%mclaaerhﬁncahéﬂ 2doRULmBY ahiRf LIRS lanted

procedur r ol n- human animal s or an est abl i shed cancer
cel | | PG a&q‘gg{éreé&&[}@}fd\ﬁa’e%ﬁ%? Bisared ah . ShS FFECPHE OB SHE-SRISSE BREE: 020 R t he
sane rrazlimedi o@ﬁv;ﬂ@t&pﬁ(lbe@(salaeme@haow er archi cal organi zat| on of the
transpl anlr}gd ti ssue or,cancer. c

n lture s tem opserved,_ and
o 351 of HmPieBH T & PHMYiE: R BARCIBgEBa R D D hehEH AR o
celfs is chinkath a amghiinen bmﬁraar chi cal organization of cancer cells is
conpar ed(f}eg El?stérlhneg act%&ts Bstance tg&e nonrhuman annna]ﬂ model of (1);
(3) collecting a tissue piece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in each area, when starting from
a cell line same as the NOG-established cancer cell line;
30 (4) monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell in the tissue piece; and
(5) identifying the formation of the hierarchical organization, cancer progression process, or
biological property of a cancer cell, which is inhibited by the test substance.
In another embodiment, when the non-human animal model transplanted with an NOG-
35  established cancer cell line is used, the screening for anti-cancer agents can be carried out vig

steps (1) to (5) described below:



human nodel animals or NOG established cancer cell lines adm nistered with
the test substance. In this case, when the hierarchical organization unique
to human cancer cell is not observed i¥ the non-hunman ani mal nodel or

NOG est abl i shed cancer cell line adm nistered with the test substance as
conpared to the control animals, or when the |evel of hierarchy is reduced,
the test 5Ssubstance can be sel ected as an effective substance having a

t her apeut4.c_Qr eventive_ effect against . a.huran [ Nor

speci 11 ooyt LY G bl el nBdR Ll SR RO sttt raned R ol 5o
be carried butinbya bérehfuohh emiirayy procedure: control non-human nodel aninmal s
or the i i repare i 1.-hout

10admni ni e%ﬁ%%g%ﬁ§@§§§§%§ﬁ§%¥%ﬁ%g?fgﬁgmﬁﬁgfﬁgg§éﬁ%%%§%ﬁéT, t he cancer

pr ogr ess{Dncplegtms s tisfuetpirse thaslpbidnt bivlagied peporty cantietuesthittsrd n a cul ture
system are ! I .unkque to
i cancer Mo Se ANl ARARCEAL o R R e pr ORI B RURESREGNIROE ooy

stein cell #seltbmpsanesibe Wenestaldisberheanser eoblilmat s and non- human nodel

ani nal s ] L.ni. st er 1 est
substancl) oo ERePLbE R ARRE Han e hibia R OB Bt DRl 2%
human canceProgess| & higlogisel prepeity of a dsaceiosll i theertisawd prade; modlel or

NOG- est apdyi VRN i : R I Yo AT 3 e as
conpar edpjt)oﬁjtaﬁt{gf contré(%tl ﬁg%?nrrdgltgjﬁ n?ﬂg?t%g:f subgygﬁ@e%]@glﬁ} Cﬁ%&%&??%@ﬁés an
ef fective stAPSEIARECHAYT PigCesst trdrelpaigtl mopsttsppieayaeifip sandef eddl. agai nst a

human cancer pjternatively, in the métRo@dHhd MRsenfRIRNSHE GiHeh ¢ AWirrd Bt t
above-descr.i bed asse%smant of a testﬁgubstanqe can ebe Zlgca?r?’g(}lr%as e[r)l;/ t he

f ol | owPhip pPétetishedemesiorell ipa iniseanhasearning forent-cancer Reeniomndst abl i shed

cancer &gkl ohﬂﬁ@s@ﬁﬁgp"tfpﬁrdgﬁn%ﬁB&H{w: adm nistering the test substance, and

in the sane r{an,ner,, i ol agi.cal pro ties of cancer stemcells of the
transpl ahte®

! pr.oper ) ncel
brgg de yigranciRbierstaverhed qapcqrirell e fumaninashiglegierkriepar i and
t hes pr esenc@nturt BRarREORGI IfRECHBINGHSrd S cliiviPproe@Bcer cells is checked; and
the pr op&htl es. of ca stem cg[él s is _conpared between the control

cer 2
ani mal s SrdTFERER t‘ﬁ‘i’ifh%q% i bR 2 b5t RdElangst abl i shed cancer cell |ines
adm ni st eneghonitdrihgd HEmkarberslehsitAREEof Hibratdhidl 688 8izate BardcBLpRERRAH Y
uni que to human cancer cells is ntot agrese t in tpe on- human ani mal nodel
or NOG est aBIoPEHed Baneier! Rapsty ohfecaientichilde Begticdirelhand est subst ance as
conpar ed(4)oidehgfyixgnthe dlerachiosl orgdnlv@tibe SérnBubst @ncE peaeRDSebagt @f as an
effective sblbftan?e_havi ng a ther pezlti C _or. .lf)d)r entive effect 30agai nst a
huffin cancepiological ropegy gEp ganeskcell PaLqh 1 inhy Fe%é}y BIfF I #g* 8 % reating a
human cancer In asbileh embedisehe ethed tlyintver aliove sdese of heNOsEeesnishegl cmthods,
may be further assessed b ther drug effica tests or. safe tests, if
needed bt S sgh M et PLafbediotieungi phrver putve e s Sfect more
ef f ect dweriblibbdpeuti c or preventive substances with a higher practical use.
35Furt he I ch_effect) her utiLc preventive .subst ances, sel ect ed
can al so Helh alger v G SRR Ahishe Bl e el g e DRRER G
sydf hesi s (ftelamentchirnamisticorf cadi crgcerifogressden pronessi pul ati on based on the
result of,,s .80 .The present invention
rel ates Pg é%#@gﬁ%“ﬁn@%%%@%ff yr/}%g}glsgétseg S#SStﬁﬁ%et’ maceuti cal agents for
t r eat i ng(Hr mpndesry & ngerlgpanicoteivags ofiiiphchoal pygaoizaticrs sessnpoprassomg as an
i ndi cator t i.erarchi 'FZEFS' Rok:Ta! essil.on 4process of
the cancer _@’3"%@? ’ (:;Iﬁ%r%ﬂg’h&%iﬂ%&%é'e aégér]ﬁ C(r%gl S t%glﬁl%g{lgg{de%ﬁ\%ﬁ%ﬁ an
NOG- est abt)i slatfyoegiciest ssbbtandei thet inhibits hierarghhenh organizhtiomformotdisl, cameral s
trgmspl ant ed. o dbioAR N 65t @Rl pg% I [ e used in the
metg?:ods of Og prgsglr}t |r’1ve_n1t ?Jgsng% g%ﬁgggu%ﬁ!@ﬂc d<'f{‘g¥“tjgelg'(r?;tcgﬂ'can be assessed via
steps (1) tod k\eg‘}esa@gqua,ng@a im&iegpgthods of the present invention are not particularly limited,

and include, for example, single compounds such as natural compounds, organic compounds,
inorganic compounds, proteins, peptides, and amino acids; as well as compound libraries,
expression products of gene libraries, cell extracts, cell culture supernatants, products of

35  fermentation microorganisms, marine organism extracts, plant extracts, prokaryotic cell extracts

E

unicellular eukaryote extracts, and animal cell extracts. These may be purified substances or



(1) preparing a non-hurman ani mal nodel by transplanting an NOG established

cancer cell 10line into a non-human ani mal ; (2) admnistering a

test substance to the non-human ani mallhodel of (1); (3) collecting a

ti ssue piece that exhibits a biological property or a tissue structure

characteristically seen in the cancer progression process in each area,

when starting froma cell line sane as the NOG established cancer cel

line; 15(A4) nitori a time- ndent .change of hierarchic

or gani SRCE PR OLEN s Byt IR GBS S PG Bresstic AP piliode € of o

cancer poelukinigniest bébstansassege plse aet paarichi{rh) limtdehtthé pitsgntdsendosiBdlaed fioin t he
rocess,.or _biolo

hi hi cal . . , i cal
or oper {55 Bl sFfhepite SRRERRy B RRARERA B SERDY sl eettB P inidine

Al ter nati vel ¥ needxein thermbbmne test sao1pbasl chn be usyistiemapfrofOEelysbizdbing s helstlc ancer
Celg ! L8l for 20MR g Haflioy %Is%ﬁ%g%sg fnt }a%gisprl‘%%? 3 A MENLLR 10

phar maceu ical agents can be assessed vi‘a st eps f IS %5§ Sggﬁ?%%ﬁ Bel ow:
(1) culdtyribadabaveyhut plsoamxNOG efstwdrhl txpedicadicest welplesl i ne to minmic a

t t h LSt f ; ' i ol ogi cal
ot oper byt hor oaf pregt i Feron A EAE R AL ERP G BHRRERF pBl gy © ©9' ©2
subst amwulel 2803l apomitportionfrly lnitesl. deisensiehit te hpmgeriotlybilectardhi ca

or gani %&hfr{?&raﬁ%ﬁ%??ﬁel%e L8RS QiBh gg&sa%gu?s tQﬁ%hg),%g&\!eneﬁsOﬁ’&Ja; YrafldePat,
cancer cell anong the cultured cells; an iﬁ identifying the Tornation’ of
t h&0 hi er airtersl Gagtald pdianiisteation depadinean the biye @f ssbrhstaneeshe admibisetadgi cal
property of f G@REAEE) the eﬁ‘i@{eﬁbilnivéntio'ﬂhﬁl@{hbﬁgE&%@Eﬁﬁ%ﬁﬁﬁﬁ Hpgb.@lce In the

present invention, pharmaceutical agents can be assesse Eg adm ni stering a
test 3@sapshahemontcalldinsveish a test absarraee Belsariigdahnamitedindrchrrdtkstmenti mal
or treahi BdcAed Hurtyldd@ingW EusEmPlsh 80 bumle NI3es Labhi shed: CRRESHG&h!

line wth a test substance of interest, and testln%%Mhether adm ni stration
I

of t heS¥BRIE Isypiandbe Brymgpegndesrrisd pulJer Svampie byortsedusgear fes@t on t he

trams p!ca@?'ﬁg 2198 URS ditd H8 YRsteih i ROSA NG dtabihi il at g NEEH 854 &bldasfiad. cancer
cell Iine) or the culture system 35Specifically, the preventive or
amel i oM&§PTY At sEirag ot 4R qui%eﬁﬁaéle@ﬁéam%%%d%% tAliERatys Hés pesaibisir ane.ed

ti SSUE‘f@*exb.ﬂﬁiecb!k&&h?)l’%}’ﬁﬂé@;@ﬁ@lﬁi@g%as%%%ﬁﬁaﬂ%@l_l@briﬂ%elﬂ&éfyi ng or observing
hi.erarchj cal or anlzatégg?gthe cancer progression

brocess, o pé%fs? BEABAT. BledPE SEIRAICB Pt B Rars ey §XciphE heduRstiRd isdh be
carri egiQ@ués thinspibsed withGnt OGhéseb 8kl caader QEI0 ARL Zdh B Abddiheintdl aRgpl ant ed
ti ssues.in the.ngn-h n ani prl nmodel oy .of the cancer cells in in vitro
cuPf ur SOETUPERIBHOLT REXEs pADF RGN st isshe pT R SO DB Ay splogeebiemsson of
t he hi esiapakel@blture system.
Specifically, the test substance can be assessed by observing the hierarchical
organization of the transplanted tissue or cancer cells in a culture system in a non-human animal
model or an in vitro culture system of an NOG-established cancer cell line, to assess the
25  characteristic of hierarchical organization formation unique to human cancer cells or to confirm
an effect on the cancer progression process characteristic of a human cancer. The structure of
tissue or cell line characteristic of the cancer progression process can be morphologically
observed by HE staining and immunohistochemistry (IHC) of thin sections of tissue samples
prepared by the AMeX method or the like.
30 More specifically, the above-described assessment of a test substance can be carried out
by the following procedure:
control non-human model animals or an NOG-established cancer cell line are prepared without
administering the test substance; in the same manner as described above, the hierarchical
organization of the transplanted tissue or cancer cells in a culture system are observed and the
35  formation of the hierarchical organization unique to human cancer cells is checked; and the

hierarchical organization of cancer cells is compared between the control animals and non-



50rgani zation characteristic of human cancer cells or an effect on the
cancer progression process characteristic of a human cancer. Mor e
specifically, the above-described asselsment of a test substance can be
carried out by the foll ow ng procedure: control non-human nodel aninmals or
NOG- est abl i shed cancer cell line are prepared wi thout 10 adm ni stering the
test substance, and in the sane nanner as descri bed above, the transplanted
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NOG- est.abl i sh line adm nistered with the test substance as

ed cancer c&
conpar ETIMSUHHST RIGHNNEE CHRFAERESt 3 IMEN4Ne@PCYybst ance adni nistered to the
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entjv

5@ § mte é‘“b@é@@%?i iQrangp °t°ﬁ H&peutic effect 35can be eval uated based on
t he | evehtrdifhoadthvaias eneisl adifalshe tIgaNOG- eqpitdighab&inodr eIl Sise privpdred without
speci fi allg th ?bov described,assessnent of. a st _sybst ance can aIso
bo car P BiISEnE e FBY PRGN O RIS G PG CBRUTebIoLgifE) BIOPREKS R Mt
ani mal gelty oG resbhRbtcdskRads @anaeer clslin theraltares yptespat ebsam ddmdtthe
adm nisterin subst and int t he transpl ant ed
£ esue B P E R R ER s R P e talrE et s PR SeToRO ahe poPRL T BrEG ca
pr oper sicascadlf Lg:amqmlreds}ieemmhb somtnd achedkad mfmhuthirempdeseicds of N@Ger operty
uni que Loy nd.th tﬁég@p{eu&% un| u Lo ganeer,stem cells

% & %‘Sll!.tgtg Fan%gr ge?lﬁ éle% 8 im%ergd W1 s Case wien trl'f;g D ongty
is conpare hi e el PE
NOG- estalsfui shidn @acumeer @B s ot pesetdmihe rsmehuemhnvannmaltmedet} (<33 N%bﬂ&lﬂmheﬂ I n

this o daicer &K1 X‘QFﬂaet i&%fif?{%{%geg{&l %%ﬂ}s F R frgls |u§tr+1san{}19§1 LESent in

t he non- ancer ce ne adm ni st ered
with t Iaebatmt c&ubmeéﬁmé aasncﬁéﬁwgasree@bstenqeﬁevmgmﬂlmapamcrmlpsc;venhee tibwt

10gybs ed to the test animal or with which the culture
syg?le Egﬂﬁ% Z}%@e ca%[ibe judged to have a preventive or therapeutic effect
agai nst the Rubdanceseitestiye fngreveatingoreireasing ahanmpneagpedri which pret sebpetepdut i ¢

ef f ect an, HE deNAbEALELRASEEHAls, 1hE BIVGHABNSS:sOla B \GnBr BRELHIESy tests or

safety tests, if needed, and/or by clinical tests with human cancer patients to select more effective
therapeutic or preventive substances with a higher practical use.
35 Furthermore, such effective therapeutic or preventive substances selected can also be

industrially produced by chemical synthesis or biochemical synthesis (fermentation), or using



The present invention relates to nethods of using a non-hunman ani nal
transplanted with an NOG established cancer cell line or an NOG established
cancer cell line as a cancer nodel 15al nal or cell line which ninmcs the
hi erarchi cal organi zati on, cancer progression process, or biological
property of cancer cells. The hierarchical organization, cancer progression
process, or biological property of cancer cells can be artificially or

ar U1 faglyal o HILESO.L b 0K deARSRLANL G, 1, PG establ i shed cancer

cel l R ani uhan ani mal s
20t r anspl ant &be wiesdnt itveniN@Gebs¢sab stshmdg omtiveis fmedsbeslsmg@hemacsmroaeaystsver y

usef ul ceancer, nlgrglf'en%gg ﬁ(ﬁ%ﬁ% a%n?cre{ iﬁiﬁﬁ?eaﬁm se@&?&ﬁ %'Ps_llrﬁg th r&acae T ﬁecal

gents sear chi ecu es as I ca
di agnobterfa’clagel rwwmz@twlaslsemsq:rrrgomsmm:mgese of l&naﬁaogfrrcsalls plrrmndnmtanoms:iet hat

acts O”aﬁlﬂﬁxis‘:@z[h@ g%gwqﬁl%%ﬁ)gs%% lggedtggcg}lcgﬁ?ﬁlghl cal organi zation, cancer

pr ogr essi on ess oglca propert cancer cells. 25Furthernnre
t he hierarchi n@n@?amaz qu@hamma}‘sdeansmimgd a3t o Pfocseaddishalrcahiaicdylical

Proper by Qb GAME HetfRl be: %Qeslegtblfﬁffés : ogcgﬂlﬁxcaﬁw@rageﬂ@%w?é e zﬁlgeg%

vivo or in vitro by an est ancer ce Ine a one
NOG estlap i dHisacrigfdslovcel | |ines can serve as very useful cancer nodel

ani mal s, (105 BX%AP) E@n-}i\ﬂﬂﬁﬁx aﬁﬁeﬁ%ag RNPEIRGRH mo@eﬁaﬁmh&ﬁ%{s&icw for

candl date tar get nol ecul es as pharmcéut | cal agents or diagnostic agents,
or @Oassessﬁﬁ@l%‘bﬁfi@‘@rh@@%ﬁmm )| ogi cal preparations that act on the

candi dat ) n’@&hrﬁﬁﬁ'ﬂi@*ﬁlg‘bsﬂeﬁguﬁﬁﬁlc@'ﬁE@'rﬁ)lﬂl-}ﬁﬂanoc{ngiﬁﬂl' rﬁé&éi%@(l)cancer progressi on
process, or bi ol ogi cal property of cancer I'l's M m c" neans that

the model3nFoHestng a tissue diesr ﬂ@ﬁ@ﬁ@hﬂ%6b5>é¢ﬂfe\}erqmeyebjaé@we\ﬁeueeﬁendu ng on

the nodel’ Sclpdﬂﬁcﬁ&%@icélfy SR in fﬁ@%&nce‘rbrdg%es@i%h PREGESRAaYh hika WRCstdrhgg FBmVi VO
events perfect 35AI'l prior_ art S%Céjments ited herein are incorporated

herein by ré]c‘éllléﬂ%%ame ihepeeabl cancer ¢gdk liheqpel ow, the present

i nygnti Om)m&ﬂdnltb@ngiﬁﬁﬁﬂéldéﬁéhdéﬁf&aﬁ@@gfﬁle&%hhc\él M%ahxz&@(ﬁiﬁrc:%&?%) blets!aﬁnd
apl 1 sne

Exanples, but it is no tedth reto. '}ﬁg aliln% !3 g
cancer cel | PIOCRS- ¢ hie gPﬁa r&PE‘T”NE # SBegaH AR thowsEE PGHEAd cancer ti ssue.
(1) NOG emt akhiishadhe anartiog el {he|}:ilé}@rcﬁﬂ:dl @'Tg@dlﬂatﬂﬁ Bﬁicbl%l‘oﬂé@s & BHEd&S, or
i nventors uﬁjé)g N%’g}esta bl |.shed carﬁ:e l.i.ne tg qu been est abl i shed
10so0 as to 1e¢ BTO@FYW@ f 6 hEt Hsemﬂb‘ﬁe gfest 405138Eh cancer, |ung
c ancer, ] br eagitegaticey, wieh apanefireadultrCaReal o0 (D&tzttﬂ@mmlam&raﬂll thsﬂ@s saged
tr nor e .gener ati ons in,.NOG,m Fujii et, a Pat.hol | nt.
208 | B ndbe SRS ARY RS Tinialitl A sttt pisnliercsiessehie Rmdd) ver o
subcut melodsicmbed belspt anted into NOG m ce. 28 days after transpl antation,
di ssect ed i xed wt

par af or mé aEnyBUEE 4@ pafOR- Oyl ARk, R R B RRG: Ffatt g%%ﬁtessﬁaiﬁ/"e
enbedded andf sdcheetker ptogrdskion ps@esd @ sakmglcebproperty thereof;
(2) treating the cultured cell of (1) with a test substance;
25 (3) monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell among the cultured cells; and
(4) identifying the formation of the hierarchical organization, cancer progression process, or
biological property of a cancer cell, which is inhibited by the test substance.
In the present invention, pharmaceutical agents can be assessed by administering a test
30  substance of interest to an above-described non-human model animal or treating an in vitro
culture system of an NOG-established cancer cell line with a test substance of interest, and
testing whether administration of the test substance produces a preventive or ameliorating effect
on the transplanted tissues (tissues transplanted with the NOG-established cancer cell line) or the
culture system.
35 Specifically, the preventive or ameliorating effect of an administered test substance on

the transplanted tissue or the culture system can be assessed by identifying or observing the



by the AMeX nethod (Fujii E. etal., Pathol Int. 2008; 58: 559-567). The

ti ssues were stained by HE and i nmunohi stochem stry (I HC). Anti-E-cadherin
anti body (DakoCytonation) and antifi br¥hectin anti body (DakoCytomati on)
were used as a primary anti body. The visualization was carried out by LSAB
met hod using DAB (DAB Map kit, Roche Diagnostics). 20In addition, for in
vitro culture, cell nasses coll ected frommce were m nced physi cally vm'th
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fot0a é@mﬂuﬁ@l@@@é@m@sw?ﬁ, @mti ﬁethglsanqmaaﬁersqsﬂi@w@pé abeyes thedkensplpnied on of
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Of 3UNMBLLEARE L thisSEME Svhen the cancer progression process unique to human cancer cells is not
present in the non-human animal model or NOG-established cancer cell line administered with
the test substance as compared to the control animals, the test substance administered to the test
animal or with which the culture system is treated can be judged to have a preventive or
therapeutic effect against the human cancer, and the level of the preventive or therapeutic effect

35  can be evaluated based on the level of advancement in the cancer progression process.

More specifically, the above-described assessment of a test substance can also be carried
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1ologica property of cancer cells.

The hierarchical organization, cancer progression process, or biological property of
cancer cells can be artificially or artifactually mimicked in vivo by transplanting an NOG-
established cancer cell line into non-human animals. Thus, such non-human animals

20 transplanted with the NOG-established cancer ceil line can serve as very useful cancer model
amimals, for example, when assessing pharmaceutical agents, searching for candidate target
molecules as pharmaceuticals or diagnostic agents, or assessing compounds or biological
preparations that act on the candidate molecules using the hierarchical organization, cancer
progression process, or biological property of cancer cells.

25 Furthermore, the hierarchical organization, cancer progression process, or biological
property of cancer cells can be artificially or artifactually mimicked in vivo or in vitro by an
NOG-established cancer cell line alone. Thus, the NOG-established cancer cell lines can serve
as very useful cancer model animals, for example, when assessing pharmaceutical agents,
searching for candidate target molecules as pharmaceutical agents or diagnostic agents, or

30 assessing compounds or biological preparations that act on the candidate molecules using the
hierarchical organization, cancer progression process, or biological property of cancer cells.

“Mimic” means that the model mimics to a level enough to achieve the objective
depending on the model’s purpose of use. Thus, it is not necessary to mimic the in vive events
perfectly.

35 All prior art documents cited herein are incorporated herein by reference.



3a7 14 17 3 714 21 3 7 14 21 Epithelial duct form ng pattern Poor
differentiated duct -+ + +

10

15

20

25

30

35

22

Examples
Hereinbelow, the present invention will be described more specifically with reference to

the Examples, but it is not limited thereto.

Example 1] NOG-established cancer cell line mimics hierarchical organization of human cancer
P g

tissue.

(1) NOG-established cancer cell line and staining method

The present inventors used NOG-established cancer cell lines that had been established
so0 as to meet the criterion that human colon cancer, stomach cancer, lung cancer, breast cancer,
or pancreatic cancer can be transplanted or passaged over three or more generations in NOG
mice (Fujit E. ef al., Pathol Int. 2008; 58: 559-567). In this Example, NOG-established cancer
cell lines were subcutaneously transplanted into NOG mice. 28 days after transplantation, the
mice were dissected, and the implants were excised and fixed with 4% paraformaldehyde at 4°C
for 16 to 24 hours. Then, the fixed samples were embedded and sliced into thin section samples
by the AMeX method (Fujii E. ef al., Pathol Int. 2008; 58: 559-567). The tissues were stained by
HE and immunohistochemistry (IHC). Anti-E-cadherin antibody (DakoCytomation)} and anti-
fibronectin antibody (DakoCytomation) were used as a primary antibody. The visualization was
carried out by LSAB method using DAB (DAB Map kit, Roche Diagnostics).

In addition, for in vitro culture, cell masses collected from mice were minced physically
with scissors. Next, Collagenase/Dispase (Roche, Cat. No. 10 269 638 001) and DNasel (Roche,
Cat. No. 11 284 932 001) were added, and the cells were stirred at 37°C for 30 minutes. Then,
pipetting was repeated to prepare minced cells. The prepared cells were suspended in Cell
Banker 1 (JUH FIELD, Cat. No. BLC-1) and stored at -80°C or below,

The cells prepared as described above were cultured in Medium 1 (RPMI1640, 10%
Fetal Bovine Serum, Penicillin, Streptomycin) supplemented with Fetal Bovine Serum that had
been inactivated by incubating at 56°C for 30 minutes or more.

Spheroid preparation was carried out by suspending cells at 4 x 10° cells/ml in Medium
1 and plating 5 ml of the cells in 6-cm Hydro cell Dish (NUNC, Cat. No. 174912). After 3 to 6
days of incubation, spheroid formation was verified under a microscope. Following spheroid
formation, the spheroid cells alone were collected by filtering all cells with 40-pum cell strainer
(BD, Cat. No. 352340) and cultured in Medium 1.

As for a culture system to mimic the glandular structure, a stock solution of Matrigel
Basement Membrane Matrix (BD, Cat. No. 354234) was added at 50 ul/well to 96-well plates.
For coating, the 96-well plates were allowed to stand at 37°C for 5 minutes. Next, the spheroid

cells were added at 50 ul/well. Then, Matrigel Basement Membrane Matrix diluted to 20% with
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Medium 1 was added at 50 ul/well, and the plates were allowed to stand at 37°C for 5 minutes.
Finally, Medium 1 was added at 100 pl/well, and the cells were cultured until the glandular

structure appeared.

(2} Results and conclusions

The epithelium-like glandular area of human colon cancer tissue has been reported to be
characteristic in that the cells express E-cadherin on their whole surface (Kirchner T. et al., Am }
Pathol. 2000; 157: 1113-1121). This characteristic was also observed in the NOG-established
cancer cell line (Fig. 1). Furthermore, under the above-described in vitro condition, the
spheroid-forming cells were demonstrated to mimic the glandular structure (Fig. 2).

Meanwhile, the invasive area having the nature of mesenchymal cells, which are less
differentiated, is known to exhibit characteristic morphologies such as budding, cluster of tumor
cells, dissociated single tumor cells, and reconstruction of tubules. Cells in the invasive area
have been said to undergo partial-EMT leading to a partial loss of the epithelial nature. 1t is
known that the cells lack E-cadherin expression at their contact surface with the stroma and
express fibronectin which is normally not expressed on epithelium-like cells (Kirchner T. et al.,
Am J Pathol. 2000; 157: 1113-1121). In the present invention, these features were mimicked in
the tumor that resulted from transplantation of an NOG-established colon cancer cell line (Fig. 3).

Similar epithelium-like areas and invasive areas were also observed in stomach cancer,
lung cancer, breast cancer, and pancreatic cancer (Fig. 4).

The above-described results demonstrate that NOG-established cancer cell lines mimic

the hierarchical organization of human cancer tissues.

[Example 2] NOG-established cancer cell line mimics the process leading to the formation of the

hierarchical organization characteristic of donor's human cancer tissues.

(1) NOG-established cancer cell line and staining method

Each NOG-established cancer cell line whose tissue morphology was (1) well-
differentiated adenocarcinoma, (2) moderately-differentiated adenocarcinoma, or (3) poorly-
differentiated adenocarcinoma in the donors' human colon cancer were subcutaneously
transplanted into NOG mice. The mice were dissected 3, 7, 14, 17, or 21 days after
transplantation, and HE staining and IHC were carried out in the same manner as described
above to morphologically determine the ratio between the epithelium-like area and invasive area.

Furthermore, with respect to stomach cancer, colon cancer, and lung cancer, HE-stained
samples from donors' cancer tissues and NOG-established cancer cell lines were observed to

verify whether they repeatedly mimic the tissue organization.
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(2) Results and conclusions
The present invention demonstrated that:
in the unique cancer progression process leading to the formation of the hierarchical organization
equivalent to the donors' human colon cancer tissues, the major process was an epithelium-like
proliferation process (epithelial duct forming pattern) in the case of well-differentiated
adenocarcinoma; the major process was an invasive proliferation process (invasive EMT pattern),
while including an epithelium-like proliferation process (epithelial duct forming pattern) in the
case of moderately-differentiated adenocarcinoma; and the major process was an invasive
proliferation process (invasive EMT pattern) in the case of poorly-differentiated adenocarcinoma.
Furthermore, the hierarchical differentiation unique to each line can be repeatedly

mimicked even after several transplant passages (Fig. 5).

[Table 1] Time-dependent changes of the formation of hierarchical organization for each NOG-

established line

moderate
differentiated

3 7 417 3007 14 21 307 14 2

well differentiated poor differentiated

Epthelial duct forming pattern

Poor diiferentiated duct - o+ o+ F - -+ F - - ..
Moderate differentiated duct - 2+ 3+ 3+ - -+ 4+ - ..
Well differentiated duct - - 24 34+ - - - - - e - .
Invasive EMTpattemb
Polygonal cell alignment - - - - - - .- . S
Duct with mvasion front -+ + + + 4 2+ 3+ - 2+ 24+ 2%
Dissociated cluster -+ 4+ -+ 24+ 2+ N N S R NN
Dissociated smgle cell - -+ + - - 2 2F - -+ .

a. Days after moculation
b: B -catern muclear accumulation are detected in the THC sections.

[Example 3] Unique cancer stem cells having the nature responsible for the formation of each

hierarchical organization are detected among an NOG-established cancer cell line.

(1) NOG-established cancer cell line and staining method

Cancer stem cells are known to be slow-cycling cells whose cell turnover is in general
very slow (Li L, Neaves WB. Cancer res. 2006; 66: 4553-4557). The present inventors focused
on this nature and started continuous labeling of BrdU, which is incorporated at the mitotic phase,

at the same time when an NOG-established cancer cell line was subcutaneously transplanted into
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NOG mice. After 14 days of labeling, the mice were dissected to process the tissues. HE
staining was performed in the same manner as described above to observe the morphologies of
the tissues. In addition, BrdU-incorporated cells were detected by THC staining (antibody,
Beckton Dickinson), and IHC staining was carried out using an antibody against Ki67
{DakoCytomation) as a mitotic phase marker to identify proliferative cells and slow-cycling cells.
Moreover, samples adjacent to those described above were stained by [HC using an antibody
(MBL) against Lgr5 that is known as a cancer stem cell marker (McDonald SAC, ef al.,
Virchows Arch. (2009) 455: 1-13),

(2) Results and conclusions

Tissues treated by continuous BrdU labeling showed that both epithelium-like growth
area and invasive growth area contained some non-labeled cells. The cells were negative for
Ki67. The findings described above suggest that both areas include slow-cycling cells whose
cell turnover is very slow, which is known to be a characteristic of cancer stem cells. When
samples adjacent to the above samples were stained for Lgr5, which is a cancer stem cell marker,
the stained 1mages were consistent with the localization of the slow-cycling cells (Fig. 6). These
slow-cycling cells were detected in both epithelium-like growth area and invasive growth area
(Fig. 7). Considering the process leading to the formation of the hierarchical organization, which
is described in Example 2, the above-described finding suggests that the transition of cancer stem
cell localization and the formation of the hierarchical organization can be summarized as shown
in Fig. 8.

The existence of stationary stem cells, which are localized in the epithelium-like growth
area, and migrating stem cells, which contribute to the formation of hierarchical organization at
metastatic sites, has previously been predicted based on observations of human colon cancer.
However, the present experiments demonstrated the existence of stem cells described above, as
shown in Fig. 8, and also showed that these cells are not two different types of cancer stem cells
but they switch to one another, and the transition 1s involved in the formation of the hierarchical
organization in tumor.

In addition, as described in Example 2, the NOG-established cancer cell lines faithfully
mimicked the final destination of differentiation in each donor's human cancer tissue. This was
always mimicked even after several passages. Thus, it was proven that the cancer stem cells
present in the tissues determined the respective final destinations of differentiation. The findings
described above show that the models of the present invention are suitable to assess the

biological properties unique to cancer stem cells.

[Example 4] The plasticity of cancer stem cells can be observed by monitoring them over two
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cells underwent cell division m the first generation but stopped growing and

or @ni
underwent transition into slow- or non-proliferating cells (stem cells) in the second generation.
The above-described phenomenon that cells which had once undergone differential
proliferation undergo transition into stem cells has been regarded as a biological property of
cancer stem cells, which is called plasticity (Gupta PB. er al., Nature med. (2009) 15: 1010-12).
25  Thus, the findings described above show that the models of the present invention are suitable to

assess the plasticity that is a biological property of cancer stem cells.

[Example 51 Cells expressing P53 protein at a low level, which are involved in the
reprogramming of stem cells, are found to be consistent with cancer stem cells.
30
(1) NOG-established cancer stem cell line and staining method
Recent years have shown that P53 protein is involved in the transition of somatic cells
into stem cells by reprogramming, because, when producing so-called induced pluripotent stem
(iPS) cells, the production efficiency is drastically increased by reducing the expression level of
35  the P53 protein. Furthermore, this mechanism has been reported to play an important part in
cancer stem cells (Krizhanovsky V and Lowe SW, Nature 2009; 460: 1085-6).
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bi ol ogi cal property of cancer stemcells. [Exanple 5] Cells expressing P53

protein at a low level, which are involved in the reprogranm ng of stem
celkfs, (BMeOGaundlitiedoenconsil $heaid sihitingoaethed stem cel | s.

NOG-established cancer cell lines were subcutaneously transplanted into NOG mice.
The animals were dissected 14 days after transplantation to obtain tamor masses. By THC
staining specific to human 2 microglobulin, the tumor masses were assessed for species origin.
In addition, before in vitro culture, cells to be plated were tested for the species origin
30 by flow cytometry using Anti-Human HLA-ABC Antigen/RPE antibody (DAKO, Cat. No.
R7000; human specific) and Anti-mMuse MHC class I antibody (Abcam, Cat. No. ab15680-50;

mouse specific). Then, the cells were cultured in Medium 1 to monitor the emergence of
fibroblast-like cells.

35  (2) Results and conclusions

Human-derived fibroblasts were observed in the tumor stroma (Fig. 11).



30 (1) NOG established cancer stemcell line and staining nethod

Recent years have shown that P53 protein is involved in the transition of
somatic cells into stemcells by reprddranm ng, because, when producing
so-cal l ed induced pluripotent stem (iPS) cells, the production efficiency
is drastically increased by reducing the expression |level of 35the P53
protein. Furthernore, this nmechani smhas been reported to play an inportant
part in canc stem cel (.1.Cri zhanovs \V an re 20 460:
1085-6) . 27LYrHERPES. &%{ft"é@efi}cﬁ% B HE PSR o ey L BYet P ind anong
an N%astmhm&e canged i€ Rddivn hesalria Banglst elhe Whidden®! df FibeotMisessaing

| ow | evel SB‘?{? ?2 the present inventors subcutaneously transpl anted

est abl PEREEE a8 294 nes into NOG mice treated by conti nuous BrdU | abel i ng.
The m ce vvere d| ssected 28 days after transplantation and tissue processing
was 5p The resu serial .tiss ctlon wer e Vi.s zed by I HC
ot ot B gtng T Sadoon0. Akerr Seush EEHie FHIen shTh Sibe St Shissay
agai nsbheBﬂcd&ms@Betfkdsmmanod(amsm):er appetssecti ons were observed to assess the
consi stency. (2) Results and conclusions 10P53 has been reported to be
overexpressed in many cancers (Toledo F and Wahl GM, Nature rev cancer
(2006) (B:DAYNoA 2BNOTeetaplishsé ndncenaediniricoderakd ocllenvaalastto tahfiticatdee apentt ei n
was over expr e NG, er 0SS or
reduced expr @%@légﬁerg tn%%%a sc%§n5| stag%ﬁj%dgl%ﬂeq%dﬁ %Aeuag N%gn%gr&rc’\}\%d %

podh t i werecekh srafdpigptedli@jo thiee heederiiNYEanise, ad Saﬂbwroumgﬂ ¢akUpMopee szarafa) stem
cells C I exnras f P53 protein
has begﬁg ée{grﬁlns?rg@?t gfo Iﬁé&gl&g ﬂlleslljentt%%ta lléa{v?t?egfig% gﬁg’ I-grcdaaﬁgﬂdﬁq repr ogr amm ng
whi ch  tresyplangation, amtaliod ltltrmhmos Ph tthel daotieheyingyhs tnatadmimstdtion (At dasdi ngl y,
the figAlnglfalabdlf, EXREASSHARC! SUEhRlcsBRInRbRIELAY bT 1l ShelfLSPR | 0 the
cancer resent "1 nvention suggests that a

r epr og ﬂeﬁmbﬁgahwe tapiepatedi Erﬂaaledtsamsl@ n¥ besdngplopoviie hlﬂﬁonaﬁﬁé@léféh’c er stem

cepls. o é‘}ed e sﬁiﬁgﬁk ?rébfaréd*‘f‘?on%%éﬁt%i é”II td00 %ﬁﬁu{! Q%rtﬁ‘é £4,40to be

sui t abl e o assess r "bi ol ogi cal es. Exarrp The process

| eadi nglone transition of cancer cells i nto tunor stroma- f0| I'1iing
fibroblasts through Conplete-EMN can be observed w th NOG established
cancer cell lines. 25(1) NOG established cancer cell line and staining
net hod (Ndksselt &isl qosplasioraincer cell |ines were subcutaneously transpl anted

i nto NOG m CRs sHdien ﬁﬁfd‘%‘l’é?aﬂ@ﬁ% i Sefcleshel b @@Y%xf?efrérﬁiateﬁraﬁ&%ﬂzb%'iﬁﬂd on to

obtai n tunor nasses. dé%IIHCstalnln specific to human_ 132 m cr ogl obul i n,

t hel t uthsrhiphly defereiinge %@%%sédfrﬁﬁﬁresw%@eérap@ pporly gitisrratiated glangelebr e i n

Vitro gt Wi anG@blesr giﬁnchﬂan(kltrﬁﬁtﬁga WeeQlohBsd@Y dbeérvEdS: SRGRFESoIRd &infoBO by
flow cytonetry. using A uman HLA- ABC Anti g en/ RP anti bo C@BE@!DAKO Cat .

No. R76U0P- Kafanmegeste >i~€ %at&ﬂﬁﬁewg@omeﬂ@@é DG VRSP KEEam  Cat .
No. ab}e6BPdisRieniRes @imaekt Hid) werth®Rervides ﬂl@'xﬂlaﬁor\ﬂﬁﬁﬁl Wl $theehré. NTIEdI UM 1
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25  glandular structural sites formed via the epithelium-like growth process with active proliferation
in well-differentiated adenocarcinoma and (2) the budding structural sites during the process of
invasive proliferation in moderately-differentiated adenocarcinoma. Meanwhile, poorly
differentiated glandular ducts were shown to be resistant to anti-cancer agents.
As described above, since characteristic groups of cells and tissue structures were
30  demonstrated to be resistant to anti-cancer agents, the models of the present invention are
expected to be applicable to assess the process of selecting them, the process of acquiring the
resistance as a result of a long-term drug treatment, the process of recurrence after treatment with
anti-cancer agents, etc. Thus, the present invention demonstrated that the models of the present
invention enables search for factors involved in the above-described processes and

35  search/screening for pharmaceutical agents that target an above-described factor.



Human-derived fi brobl asts were observed in the tunor stroma (Fig. 11). 28
Furthernore, cells which had been confiiii ed to include about 90% of human
cells before culture were cultured in ¥edium | used in Exanple |. The
energence of fibroblasts was detected (Fig. 12). 5[ Exanple 7] The nodel s of
the present invention enable detection of norphol ogi cal structures
characteristic of resistance to anti-cancer agents. (1) Detection of
hKI}esE©£+i2Ped cancer cell line-derived cells resistant to anti-cancer
agents di fferenti at ed adenocarci nona and noderatel y-differenti ated

adenocaf pRASTERRSHY: éfmUéTLﬁ@é*bBtsEﬁv’ﬁR}v@HE% LiN%RFﬁEWﬁ% A@m@ggﬁ NOG mi ce, and

5-fluorouraci| (5-FU, Mwyne Phanna) was admni stered at 1 ng/ kg i nto the
peritoneal cavities 7, 10, and 14w§1|yc§ff@{3ﬁtqatearanspl anbdrh@ngiffa@etteftad of

three tines. On the dayfoIIO\M‘T i gﬁlcz ng
s n sane

transplanf ation) the tunor nm
met hod Eaheliabduck Beronirgtnateern o prepare HE-stalned sanples The sanpl es were
hi st opat hpb@gjﬁ@gﬁ%téé@mpar ed with sanples Jrepared+f roam a+contrel group
(3 cases) s |£ﬁ H&ithqyyeg;cbg along. (2) Regsulgs and,copcl ysions
As shown W ﬁég m? th respec z wel | -differentiat ed
adenocar cl'ib e“@@? dge th dl%? Bntt ated %Ia'ﬁular structure was reduced
and po&NayiVﬂlEMTeFF@‘rﬁ”ﬂ ated gl andul ar ducts with an uncl ear gl andul ar

st ruct ur eDiseseatedpbgant | y obserﬁﬁdjasj§o ar£d #o thg+r cont el group. +As for
noder at el y-di fferenti ated adenocarci noma, the buddi ng was reduced, whereas
poor |y di &ferRRAtioBFeSF Ok &nididtratiorduct s were observed as the major

hi stol ogi cal structure. The findings described above denpbnstrate that sites
sensitive to anti-cancer agents are: (1) the 25glandul ar structural sites
for med i@k RpSRbitgl | Um I i ke growth process with active proliferation in
wel | -differentiated adenocarci noma and (2) the budding structural sites
durfng the prbeRgsenbinvieRES pen-prski fripat medels godwdarasetignyivith MGt i at ed
adenoc agghiNAERcanVBAMNHeS caPROEdn¥iadickif8 hRfikisah 8Fc SR RIME Al BleSH MRS hown
to be resistant to antl-cancer agents. As _described above, since

char acPEhwERy gangeragsnissbecanseshayaaptains e hagrpgbicak wganierionsd gaesnedlsat ed t o

be resigiabto E@nmahc&%ﬁ@ﬁts ag8MiSthe tARMMELISsiOF ﬁﬁesspérﬁisﬁnﬁﬁmgmﬁﬂﬁd g are
expect og@e applicabl e assess the process o? selecting t hen1 t he

d t
proces Oé?gl HEAPETHRy tregerty J@P%ttwgse&éna'@?%ff porghugan aHEat Bedsls pid

tr e@t Meflture ke AAE S OQfesfaBEIHH @AERr 81 Bieslch@BE BEB vl ked S scr&RELT
agents, etc Thu%%%the resent invention denpnstrated that the no els of

the pr gt heiRraftcesPrevbve or LEEPEwIG Gect a5 AumaR 6inFeroy i aptees the drug
above- deRaty bl pr@Le SESaDrdngdy3hs paseiseheen tagcdndihphar e geridmadnt agent s

that ta ove-descri bed factor 29 [ Tabl e 2] CHARACTERI STI C
STRUCTBE‘Q%@&@%%@%“W Wfﬁxﬁ%ngloﬂgeﬂﬁ*ﬁéﬁl@n%@nﬂm N} STRATI ON




Vell differentiatedVbderate differentiated Cla C2 C3 FIl F2 F3A 02 C3 FI F2
F3 Epithelial duct formng pattern Poor differentiated duct+ ++ 2+ 3+ 2++
++ + ++ Moderate differentiated duct 3838+ 3+ 3+ +++ ++ + ++ W
differentiated duct2+ 2+ 2+ ++ 2+ Invasive EMI pattern Di ssociated cluster+
+ + + +2+ 2+ 2+ + + + a: C, Control; F, 5FU adm nistration Industrial
Applicability 5The present invention's non-human ani mal nodels and cul ture
systens with NOG established cancer_cell |ines can be considered as nodels
that reflect nore closely the pathoﬁ3ﬁ§ﬂ%$ human cancer patients, because
they maintain the hierarchical organization of cancer cells unique to hunman
cancer patients, exhibit {he cancer progressio rocess, and faithfully
miomc thé MoTBATAHMY B 1 Vg fsr@rwée?dghbhiﬁ%lespPaﬁg%r%@e%ﬂonrwanaﬁalsof

non- h:J R saf dm&)ffdmgf@b&i@ﬂﬁll m&gumﬁshsd/smms?en ke dy@@ﬁgﬁgaiyl trshsiehzancer

ce nes can be effective used tp .scr ents that npr ce a

or eV entpan SmeER IR S o e ERmapReAorn IS E RO i BLGE MOHEE- dr ug

ef ficacy of the agents. Accordingly, the present invention can contribute

to the_.deyel opnent of. phar euti.c nts for.preventing.or. treatin
o Zarberob TR TR S i RE, AR iR Po G OB i PE P! ned

by tr apsqrasnionpyecebdian lnnonecahoerainsweni mal of the sanme or different species,
an NOG establ i shed cancer cell line established by transplanting a 5human

tunmor tissue into a severely-inmunodeficient NOD SCl DY gamma(c) (nul 1) (NOG
nole. 3. ZheThe-hoowan Aniresh nedehel clamode lwliéh aladlan 1, whi ch m m cs hi erarchical

or gani zat i onqgr_canger, Broqression RIAGERS of A AR ceangen i ssue. 10 3.
The non- humaft” ani el “noder “6f cFarn1i,'whﬁéh enabl es d%teg}ﬁgﬂgof a uni que
cancer stem éetdrchealiongpnezatbmpattamcergirpgressoon prongss it aduiniae carcehiissat, and,

organization&%ﬁ%%&%ﬂ&gkgg%g%%§§§§gfmgﬁggﬁﬁgmgﬁxgﬁggpan cancer tissue, and,

testing of a ogl ca nman cancer tissue. 154. The
non- human ani mal nodel of claim 1, which enabl es observation of the process

| eadi ng t r LLIL QR - cel ) t r -form :
{88 obitadderh Sibhh At acRIRRR A TG A R o R TR pRE I M o o )
dur i ng tiehgtipe oteemceihet] inord togoh bleema-ttrindag fibrogkasi thartighreooiplae fuithahialeancer

d ) : A , fth
L1 SSUC R0 o 1O A B P T hing W61 S0AA SRS RRESOREY Of the

organization of a human cancer tissue.

20 5. Anon-human animal model, which enables assessment of the cause of anti-cancer agent
resistance by administering an anti-cancer agent into the non-human animal model of any one of
claims 1 to 4, and assessing, as an indicator, hierarchical organization, cancer progression
process, or biological property of a cancer cell, or transition through complete epithelial-
mesenchymal transition {complete-EMT).

25
6. The non-human animal model of any one of claims 1 to 4, wherein the human tumor tissue is

derived from colon cancer, stomach cancer, breast cancer, lung cancer, or pancreatic cancer.

7. A method of searching for an anti-cancer agent target, wherein assessment is carried out,
30 using as an indicator, hierarchical organization, cancer progression process, or biological
property of a cancer cell in a non-human animal model transplanted with an NOG-established

cancer cell line or in an in vitro culture system of an NOG-established cancer cell line.

8. The method of searching for an anti-cancer agent target of claim 7, which comprises the steps
35  oft

(1) preparing a non-human animal model by transplanting an NOG-established cancer cell



resi stance by adm nistering an anti-cancer agent into the non-human ani nal
nodel of any one of clains 1 to 4, and assessing, as an indicator,

hi erarchi cal organi zati on, cancer progikssion process, or biol ogical
property of a cancer cell, or transition through conplete

epi theli al mesenchymal transition (conplete-EMI). 25 6. The non-human

ani mal nodel of any one of clains Ito 4, wherein the human tunor tissue is
derived from col on cancer, stomach cancer, breast cancer, |ung cancer, or
pancreatic K@ de 2 noy-huRapaRing of searchlng for an anti-cancer agent

target, yhecsidiassesaiBidcetBat eRRibIEH bRIbgica PUSIcRY RS tRkd dMelbeat or
hi erarchi cal . organi zat i on, .cancer progressi on process, or blologlcal

property of charpdeiassicalbesqen imths cARIET RIFREFF SORIPHACS HBIREED preansherasititiae fivmh an

NOG est abl i §fé31¢11ﬁ@%ﬁéasctﬁéNd(ﬁ«@ﬁa&ﬁsbb@cﬁf&eﬁéb]}/hﬁd0 cul ture systemof an
th}estazblshed cancer cel net hod of searchlnngor an

ant? - can&er 2%gee T%’SF@@FSS&%H‘@J DNA&, I%NWewt@a%ﬁhwge%tﬁ%tlgspémecgs 2); qngl)

prepar i ng4)aidean flTR Berd Ur i tciiOBE] chBye ck iH ﬁﬁhﬁéﬁd@@%@ﬂt Nt ﬁﬁ:‘i’aﬁf@fhbaihed
cancer cell 31. line into a non-hunan anlga! % coIIe ting EISSUE pi ece
<

that exhi bi PEERIZBIY} -GG CaProgroper PGt & ¢ E]EOPEIEYH %Ca-ncef cell in the

char act eri stisa@lhigceseen in the cancer progression process in each area,
when starting froma cell |ine sane as the NOG established cancer cel

|l ine; 5(3) assessing the expression of DNA, RNA, or protein in the

colld ecbedht insshwel ¢ searehiab f¢r2n; andinchn(el)agbstanioef ol RGmeT, Geieh @mpiset deRtcbhat
changes.in a manner dependent of the hierarchical organization, cancer
progre glon process, or biological property of a cancer cell in the tissue
pi ece. lOB cﬂ'lltlﬂ‘ingatq vtreb aof N@éhdﬁsmaﬂjhﬂ@ed tmhca‘rbeamﬁlie-t@ aneer a bighipical progeaty ofa

claim7, "ﬁﬁ-%%stth ste ﬂéé% .cul turlng invitro an
th}establlé%u cancer ¢etq° E?%G$Rr YOHPECESi cal property or a

st r uct ur €)c haesessttgethe skpressodn cﬁ?dD,NAc BiNceror pravgines sicolturpd oglbsdimicking a spedifly
as§§55|ng tggwgégrg§§lon of DNA, RNA, or protein in a cultured cel

m m cking a spe0|f|c 15structure; and (3) identifying a gene or protein in
the cul t (Dedleotfiling hgencchangeis in nileepumrﬁde:reﬂdbqje:hd@ms m):{t ntzheerhieperaienthifc al

canaor el | g0 Sles PR ERR Gk ARE R Bl p O SR AR Faer i n

assessnent rancgaedll.ed out, using as an |nd|cator, hlerarchlcal

organi zation, cancer progression process, or biological property of a
cancer cell in a non-human ani nal nodel transplanted with an

NOZP estl8bhimeibed ehireenningdir an fmecaice] sgeah Wherayh aysosspugint igrcerrsylub wsio asn

NOG- esaémdléﬁ@dhlga@aﬁéal %@ahlzbﬁ&le cm?c%} Iéa%oﬁgﬁmgs of b%%g‘?%ﬁ‘bﬁ%eﬁ%&f 2N

anti - cancer ent of claim1 éro rnse reparl ng
a non- ﬁ@ﬂ?&ﬁc%l Pl ON RN Wnalrlaﬁ@q% rframnlmjecbwtm@@l\&@«&auablsw@d C@mﬁt@rﬂ lins! |

line Ie;glaau*aanmnaﬂe @ﬁkéﬂ@bfarmbcﬁ%misﬁé@éane& Qiufet substance to the
non- human ani mal nodel of (1) coll'ecting a tissue piece that

exhi bits a bi ol ogi cal property or a ti ssue structure
25 11. The method of screening for an anti-cancer agent of claim 10, which comprises the steps of:

{1) preparing a non-human animal model by transplanting an NOG-established cancer cel}
line into a non-human animal;

(2) administering a test substance to the non-human animal model of (1);

(3) collecting a tissue piece that exhibits a biological property or a tissue structure

30 characteristically seen in the cancer progression process in each area, when starting from

a cell line same as the NOG-established cancer cell line;

{4) monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell in the tissue piece; and

(5) identifying the formation of the hierarchical organization, cancer progression process, or

35 biological property of a cancer cell, which is inhibited by the test substance.



30characteristically seen in the cancer progression process in each area,

when starting froma cell line sane as the NOG established cancer cel

line; (4) nonitoring a tinme-dependent ¥hange of hierarchical organization,
cancer progression process, or biological property of a cancer cell in the
ti ssue piece; and (5) identifying the formati on of the hierarchical
organi zation, cancer progression process or 35bio|ogical property of a
cancer celh M@ICh is inhihited by the test substance. 12. The met hod
of scréeni AgMEBIOdL seseng @e@na@éﬁteragerﬁ rhrksm 30, ihich ﬁoeaﬁwrt%%%teﬂsrr%

steps of {1)( bdlntgtidhigan NOVJ ésr&hatﬁbd\t@ﬁc@fsteg@tnb $hBEMEASIB0 o6l broEbrrﬂyeoﬁao
mmc a blologlcal roperty a structure characteristic of each cancer

progr essi onSHFGEESE rartﬁrsttcr%fﬁ%@wrrepre%ﬂettﬁwoee‘*r of (1) with a test
subst ance) ﬁéﬁingrmabﬁtarrbdtgeipoﬂ(nrr&;tﬂeneat@‘mtaneeange of hi erarchi cal

or gani za cancer .progressio rocess, or biological property of a
cnoter ” ebD RonSORES E et al b SRER By et hier i e R Peetiethp ca

or gani zat i oprdcesrsrraxtmetmgmaapepért}pdsmdmssﬂ @fl ipecassredakllpiabogi cal property
of a cangsrg& hhﬁ 'Sh' hrbrtgg ¥ t he. test substance. 1013. The

met hod o SRR he er%ﬁ N R v e Dof P A A T8 WP ER®CBnpr i ses

t he steps obioldgidal prepeayiofig cancepcell) wiveh iamihiBited At tdysubsans@l anti ng an
NOG est abl i shed cancer cell line into a non-human aninmal; (2) adm nistering

a test substance to the non-human ani mal nodel of (1); (3) collecting a
tis&ueipj@hen&ﬁaﬁ(ﬁkhbhhhgﬁ&ahhoﬁaghmahg@ﬁppemny10;wh&hhs&mﬁmsﬁhmﬂ@un§
15char acﬁ rl rset I 1%1"11' ?li}{()s €l Qm%n%?mo%e %1801 ress| B)%}’ 318 é:({] a%agrhc rea,
when sta iﬁgp?r SCEM A PRE S Eive ? ar RS % heer o c&r ,
l'ine;, (4) nﬁnéhmmBmgmaummnBHMQmendent change of hrerarchrcal or gani zati on,

cancer g 0 |c elel=ia f ancer cell in the
tissue pl@ Egﬁﬁﬁsg&rpéa%& s%?ggﬁcegbﬂ{ yltﬁlgm% Eﬂ tho esltogft@e that inhibits
t he fornﬁDramk@ﬁngh@thenardhncathsgbnﬂwa&ﬂ@nnmzaoaa@eﬁwpmmngssion

pregess, Qét%tﬁ?i RLORe i Yeader SlohlpFokADGEL L &lh - ik stzyﬂﬁg fhod
RURL RrotpSlon ot aaek & ity

of screenlng an am i -cancer - age conpri ses
steps of: (iﬁdéhn@&ﬂnmqﬂbnFﬁﬂﬁﬁﬁﬂdmhm®eﬁestQﬂ]hmhed cancer cell line to

mmc a P@Oh{?ﬂk&}ﬁh%ﬁ”ﬁg@% éndtht éhaﬁéé Hﬁﬁtgfa‘? ﬁ&%gg%%% i, I ffm‘%%}af‘o%?&ﬁ%‘mer

progressi on proces treatin e cu ture t est
subst ance; pPBYretoi ttl@tqgmg propereoidepraneresd! ie H@n@éﬂ@}ﬁle?ﬁ @pér chi cal

or gani zags, oruenaﬁmﬁtegr QBEESS BR i BfieaR orgﬁatwngt @x!ard?ﬁ&ﬁ’g eg%xlzat o2

cancer cel’l e cultured cells; nt| ying a tést substance
t hd? i nhi bi £2CKT Eﬁogt?%ﬁ%QT0¢6$QW12%i%hP®B¢%@f pypecidigrreneer selbgr essi on
process, or biological property of a specific cancer cell. 30

14. The method of screening for an anti-cancer agent of claim 10, which comprises the steps of:
(1} culturing irn vitro an NOG-established cancer cell line to mimic a biological property or a
structure characteristic of each cancer progression process;
25 (2) treating the cultured cells of (1) with a test substance;
(3) monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell among the cultured cells; and
(4) identifying a test substance that inhibits hierarchical organization formation, cancer
progression process, or biological property of a specific cancer cell.
30
15. A method for assessing a pharmaceutical agent for treating or preventing a human cancer,
wherein assessment is carried out, using as an indicator, hierarchical organization, cancer
progression process, or biological property of a cancer cell in a non-human animal model
transplanted with an NOG-established cancer cell line or in an in vitro culture system of an
35 NOG-established cancer cell line.



15. A method for assessing a pharnaceutical agent for treating or
preventing a human cancer, wherein assessnent is carried out, using as an
i ndi cator, hierarchical organization, gancer progression process, or

bi ol ogi cal property of a cancer cell in a non-human ani mal nodel
transpl anted with an NOG established cancer cell line or in an in vitro
culture system of an 35NOG est abli shed cancer cell line. 33 16. The net hod

of claim 15 for assessing a pharnmaceutical agent for treating or preventing

a human 6camsefethd&m£etm01r5pfbf ssesssin@ ﬁﬁ@ce@ﬁcal(d IntFHEPe i Gr BrteRidpuman
ani nal . nodel tra(réhzgl anti n est abl i she cancer cell line into a

non- hufdR 2R SRHET WIBehSOnpses, tsféip?ﬁ a test substance to the non-human
ani mal mpte brdpﬁnﬁ@-)i nof-Bhmaekhietl hdgeldbyt tr@Spian PheHENUTALstENhE Efcar cell

bi ol ogi cal ro or a tissue structure characteristically seen in the
cancer pr og %ﬁP%E?EaPW ch area, when starting froma cell l|ine
samg as mhpaﬁd@&aslﬁ@m iestwetstaiieae theainkhinh a¥€inimal model of¢)); noni toring a

e S e S AR 0 SR WL 5L, ana
(5) identifyhaorgetttieickldy shiimtheabnddnrdyresmnghoass incdagh bicd alvhanstar€iap Gom
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assessin g4)a nphétbringe éute-depbndrgectanfoof hiemadhics) ooganprtvie rbidrg peogidhioman
west abl i g)EO g%@#c%ﬁ%marfmﬁéﬁpgﬁ &Oéamérlc)eucg ﬂ%eutrl‘g! nuPJgnc\élﬁ%i ;gt Zpl stic of
te?g gt ic?]m é?L ifEnbries Siedornprtioc @ ﬁlednerarcbwel @gamahtlcpm OEpE:Bt ymgi*eemempro(c(:s)z) or

g %10%14“341' P (g:- o%a%& c(ell):elwncf}ﬁstuﬁﬁﬁltg&lbgﬁé S?Substance

nonitoring a ent “ehange I erar organrZation, cancer
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(3) monitoring a time-dependent change of the hierarchical organization, cancer progression
20 process, or biological property of a cancer cell among the cultured cells; and
(4) identitying the formation of the hierarchical organization, cancer progression process, or

biological property of a cancer cell, which is inhibited by the test substance.

18. A method of using a non-human animal transplanted with an NOG-established cancer cell
25  line or an NOG-established cancer cell line as a cancer model animal or cell line which mimics

hierarchical organization, cancer progression process, or biological property of a cancer cell.



